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NOMENCLATURE 
Pyrimidine is numbered as shown: 
The nomenclature of the Chemical Society* is used; 
1n general, substituents are written in alphabetical 
order as prefixes to the parent name . Those compounds 
which bear potentially tautomeric substituents in 
positions o - or p- to a ring-nitrogen are named for 
convenience as hydroxy, mercapto, or amino derivatives 
without implying predominance of any one tautomeric 
form . Derivatives of cytosi ne and uracil are named 
as 2,4-disubstituted-pyrimidines . 
* As defined in: Th e Chemical Society, "Handbook for 
Chemical Society Authors 11 , London, 1960 . 
I 
SUMMARY 
The ra te of Dimroth Rearr angement of 1,2-dihydro-2-
imino-1-methylpy ri mi din e s into 2-methylaminopyr imi dines 
is known to be enh anced by electron deplet i on of the 
pyrimidine ri ng and t o be diminished by ele ctron enrich -
ment. The aim of t he prese nt study was to measure 
quantitatively t he ef f e ct on r e arrangeme nt rates of a 
substituent pos itione d t o ex e rt no influence other than 
upon electron di s tri bu ti on. Thus it wa s envis aged that 
Q-substitutio n of 2-imino-5-phenylpyrimidines would 
provide di scret e c ha nge s in the electron ic environment 
while maintain i ng unch ange d the spatial environment of 
the reaction site . For this purpose were synthesised 
1,2-dihydro-2-imi no- 1-me thyl-5-phenylpyr imidine and its 
de r ivatives Q-su bstituted by a methy l, chloro, bromo, 
fluoro, metho xy , dimethylamino, nitro, or amin o group . 
No quanti t ati ve relati onship between ra es and sigma 
substituent values eme rged, probably due to he 
structura l ch ange accompanying water -addition prior to 
ring fission, but th e trend of the resul s was as 
anticipated . Inhibition of conjugation be tween the 
phenyl and py ri mi din e rings (on accoun t of their 
considerable interplanar angle) was e vi de n in the 
I 
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relatively small effec t of ea ch substituent on the ate; 
also in the ul raviol e t s pe ctra and in the · onisation 
constants wh ich did show a linear relationship to the 
sigma-values of the substituents. 
Syntheses of 1,2- dihyd ro-2-imino-1-methyl-5-phenyl-
pyrim i dine, 2-me thyl ami no-5-phenylpyrimidi e (the 
compound formed by r ea rrangement of the iminopyrimidine), 
and their derivatives p-s ubst ituted as above, are 
described . The routes involved pr imary synthesis of 
2-mercapto-5-phenylpy rimi din es from 3-im ino-2-ph eny l-
prop i onaldehydes and thiourea, fol l owed by i-methylation, 
oxidation to the sulphones, and aminolys is to give the 
2-methylam in o- or the 2-am in opy rimidines. The required 
; ; 
imines were formed by me th yla tion of the primary amines . 
Nitration of 2-amin o-, 2-methylami no-, and 2-methyl-
sulphony l-5-phenylpyrimidines gave only p-nitrated 
pyrim i dines in contrast to the reported dominance of 
m-isomers on nitration of other phenylpyr ·mi dines. 
Reduction of app ropriate nitro compounds gave 2-am·no-
5-~-aminophe nylpyrim"dine and its 2-methy amino homologue . 
When several 2-meth oxy-5-phenylpy rimid" es were heated 
at 200° in methylamine or ammonia the co esponding 
2-methylam in opy rimidine and 2-am·nopyrimidine were 
formed; the aminopyr imi dines were accompan ie d by 
I 
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3,5-diphenylpy ri din es . This appears o be the first 
report of the transformation of py rimidines in o pyridines 
although the r eve rse process is known to occ ur. The 
formation ands uctu e of the py ri dines is discussed. 
Ultravio l e t spectra and i on is ation cons ants for 
1,2-dihyd r o-2 -imino-1,4,6-trimethyl-5-phenylpyrimidine 
and its ~-n itro and p- ami no der iva ives indicated even 
less conjuga tion between the homo cyclic and heterocyclic 
systems than preva il ed in t he l owe r homologues. In 
spite of the increased interplanar angle following 
addition of methyl groups a t C( 4) and C(6) the effect 
of substituents was less attenua t ed than in the lower 
series: the rate of rearrangement for each imine was 
approximately doub le that for the corresponding lower 
homologue . Syn th eses of th e trimethylated imines are 
descr i bed: pri ma ry synthesis from 3-phenyla cetylacetone, 
prepared via its bo r ofluoride complex, ga e 4,6-dimethyl-
2-mercapto-5-phe nyl py rimidine; this was followed by 
i-methylation , oxi da ti on to a su lphone and aminolysis 
to give the 2-amino and 2-methylaminopyr i mi d "n es . 
Unlike its lower homologue, nitration of 2-amino-4,6-
dimethyl-5-phenylpyrimidine gave mainly he m-n itro 
derivative; the p- isomer was ob tained by nitration of 
the correspo ndi g 2-hydroxypy rimidine fol owed by 
' 
chlorination and ammonolysis. The resul ing amine 
underwent methylati on to yield the required imino-£-
nitrophenylpyr imidine and his compound on reduction 
gave the imino-~-aminophenylpyrimidine. An a tempt 
to prepare the ~-nit ro amine by a Gombe rg eaction 
i V 
gave only 4,6-dimethyl-2-~-nitrophe nyld·azoaminopyrimidine. 
The preparat ion and rearrangement of 1,2-dihydro-2-
imino-5-methoxy-1 - methylpyrim i dine is reported. A 
rearrangement rate approaching that of he 5-halogeno 
imines indicated inductive electron-withd rawal which 
contrasted with the e l ect r on -release eviden in the 
ionisation constant. This behav iour was parallel to 
that observed previously in the quinazoline series and 
for the £-metho xyphenyl imine in the present study. 
Another simple, but previous l y unknown imine, 
1,2-dihydro - 2-imino-1,6-dimethylpyrimidine, is described 
here and its r ela ively rapid rearrangemen is contrasted 
with the slower rearrangement of he 1,4 , 6- rimethyl 
homologue and the extremely slow rearrangement of the 
1,4-dimethyl i some r. It is suggested that the rate for 
the 1,4,6-trime t hyl de rivat·ve is an average of two 
influences: re ardat ion by the 4-me hyl group and rate 
enhancement by the 6-me thyl group. 
' 
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Rate constants we re calculated for the rearrangement at 
20°, 30°, and 40° fo r the imines mentioned. From these 
data thermodynami c pa ram e t ers were calculated . Variation 
of these wi thin a ser i es proved to be slight; moreover 
comparisons between series or between compounds are 
difficult to interpret in view of the complex equilibria 
and reversible steps involved in the rearrangement 
mechanism. 
A synthesis of the long-sought 1,6-dihydro-6-imino-
l-methylpyrimidine is descr i bed; 3-methyldithiouracil 
underwent two successive methylation reactions to give 
l-methyl-2,6-bismethylthiopy rimidine hydriodide from 
which the 4-methylthio group was readily displaced by 
ammonia . The resulting 1,6-dihydriodide-6-imino-
2-methylthiopyrimidine hydriodide was converted by 
alkali into the free base which was stable and isolable . 
No rearrangement was observed. Desulphurisation of the 
hydriodide gave the required parent imine which 
rearranged more rapidly than its isomer, 1,2-dihydro-
2-imino-1-methylpyrimidine; the rearrangement was 
mildly base catalysed. 
While seeking a synthesis of this imine the 
methylation of so me 4-amino-6-substituted-pyrimidines 
was re-examined; the Whitehead condensation of ethyl 
ethoxymethylenecyanoace tate with ~-methylthiourea was 
vi 
found to giv e not only the reported am ino este r but a lso 
a 5- cyano-3 -me thyl-2-thiouracil; and a similar condensa tion 
of ethoxyme thyleneacetonitrile with ~-methylthiourea was 
found to give, aga in st all precedent, an ~(1)-methylated 
thiocytosine. 
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GENERAL INTRODUCTION 
1. Preamble 
In 1963 the name of Otto Dim roth was linked with a 
rearrangement that is now recognised as of wide occurrence 
in heterocyclic chemistry. Manifesting itsel f as an 
alkyl (or aryl) migration (e . g . I-1 to I-2), the 
rearrangement is now known t o proceed by ring fission 
and subsequent recyclisation to a more stable isomer . 
Prior to 1955 the rearrangement had been observed in 
only two systems. The first examp le (Rathke, 1888) 
occurred in the 1,3,5-triazine series, involving the 
imine (I-3). Some twenty years later, ·n a series of 
papers, Dimroth (1909, 1910) exa mined the isomerisation 
of 5-amino-1,2,3-triazoles (e . g. I-4) . Then in 1955 
two independen t eports (Carrington et al . , Brown et al . , 
1955b) on rearrangement of the pyr imidines (I-5; I-6) 
initiated wider interest in the reaction . 
Brown (1961) and Goedeler and Roth (1963) 
independently es tablished a mechanistic pa thway for the 
rearrangement of the parent iminopyrimid "ne (I-7) . 
The imine, bear in g an is otopically label ed imino group, 
was allowed to rearrang e by warm ing it i n aqueous aka i . 
1 
I 
o=NH N 
I 
R 
1-1 
I-3 
I-4 
I-5 
0-NHR 
N 
1-2 
NJ\ // 
N, NHR 
I 
H 
NHMe 
PhHN 
2 
I 
The rearranged product, 2-methylaminopyrimidine, was 
hydrolysed and the products, 2-hydroxypyrimidine* and 
methyl amine (collected as pi crate), were examined for 
isotope content. The pyrimidine showed strong isotope 
enrichment; the methylamine showed no such enrichment. 
Thus the nitrogen atom of the imino group had become 
incorporated into the pyrimidine ring. 
A saturated tertiary ring nitrogen atom alpha to an 
imino substituent predisposes a system to isomerisation 
of the Dimroth type . A definition of the rearrangement 
has been given by Brown (1968) as "an isomerisation 
proceeding by ring fission and subsequent recyclisation, 
whereby a ring nitrogen and its attached substituent 
exchanged places with an imino (or potential imino) 
group in the a-position to it". Adherence to this 
definition precludes many of the examples discussed by 
Wahren in a recent review (1969). 
* Here and elsewhere, the convenient term 11 hydroxy 11 
has no implication as to the predominant tautomer . 
3 
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2. Systems which undergo the Dimr oth Rearrangement 
As intimated in the preamble, a wide variety of nitrogen 
heterocycles are susceptible to the Dim roth Rearrangement. 
The pyrimidine system has been ment ione d and will be 
further examined in later pages . Also mentioned was the 
historically significant cont ributions by Dimroth (1909, 
1910) concerned with the triazole system; further chemical 
and kinetic studies followed (Dimroth and Michael i s, 1927; 
Lieber~ tl-, 1957a, 1957b; Brown et tl·, 1953) . A 
recent extension of Dimroth's studies was the report by 
Albert (1970), of the stability and retrogression of the 
benzylaminotriazole formed from 4-amino-3-benzyl-1,2,3-
triazole (I-4; R=CH 2Ph) . 
Isomerisation of triazines was reported by Rathke 
(1888), and by others (e.g. Thurston, 1950; Kitawaki and 
Sugino, 1960; Ca rrin gton et al ., 1954; Szul czewski 
~ tl-, 1964) . 
A significant kinetic study of the rea rr angement of 
pteridines was made by Perrin (1963a) . Two consecutive 
reactions were observed: a r e latively rapid (half- life 
about 11 sec) ring open i ng of the anion (I-8; R=H), 
followed by a slower cyclisation (half-1 . fe abou t 80 sec) 
of the intermediate (I-9; R=H) to the heteroaromatic 
pteridine (I-10; R=H). The 6,7-dimethyl homologue 
4 
I 
~N 
N~NH 
I 
Me 
1-6 
1-7 
0 
RXN 
1/"' N...,Me 
::::-... N~ NH R N 
I-8 
RXN 1/ I ~ 
~ 
R N 
I-9 i 
R)(N I : 
R N 
1-10 
0 
5 
I "N 
.~' N~OH 
0 
NHMe 
NANH 
I 
H 
OH 
°"'N 
N~NHMe 
(I-8; R=M e) rearranged more slowly (Per r in, 1963a; 
Curran and Ang ier, 1958); on the other ha nd , the pr esen ce 
of an elect r on - withdrawing carboxy substi uen increased 
the ra e of isomerisation (Angier, 1964) . Imin opyrid ines 
(Brown and Harper, 1965) failed to rea r ange in the 
absence of the electron - dep letion provided by a 3- or 
5-nitro substituent (e.g. I - 11); chloro and cyano 
substituents proved insufficiently powe rf ul to produce 
the required bond polarisation . 
Several purine rearrangements, occur rin g in the 
pyrimidine ring of the 7- and 9-methylpurines (I-12, I-13) 
(Brookes and Lawley, 1960; Taylor and Loeffler, 1960) a r e 
interesting in that substituents on ring-nitrogen incl uded 
sugar moieties, e.g. D-(1-ribityl) and D-(1-s or bityl). 
Analogous rearrangements were reported in the is omeric 
pyrazo lo[3,4-i]pyrimidines (Cheng and Rob i ns, 1959) . 
Methoxyl substitution of the homo cyclic ring of 
quinazoline (I-14; R=5-, 6-, or 7-Me0; R' =H) r esu lted in 
a lowering of the rearrangement ra e (at pH 12.5; 25°) 
relative to that of the parent imine (I-14; R=R1 =H) 
but the exten t differed according t o th e position of 
the methoxyl substituent (Brown and England , 1968) . 
Electron-release into the hetero-ring by hydroxy or 
thio groups (I-14; R=H, R' =0H or SH) necessi ated 
6 
I 
R, N 
N NH 
I 
Me 
I-11 
NH 
1-12 
NH 
N) I ~ N N l R' 
1-13 
7 
NHR 
N1/ 
N~ ...... ~ N N I 
R' 
R 
R 
y/ N,.-Me 
::::--._ N ~ NH 
l-14 
1-15 
1-16 
1-17 
.... 
H Cl 
.... 
7 co nt . 
R' 
-.......:N 
N~NHMe 
llN 
Z 5~NHR 
vigorous cond iti ons ( I ON - a l ka li ; 100 ° 8h) for 
i somerisa ti on (G ro ut and Pa rtri dge , 1960 ). 
Isome isa ions o i minot hi azoles and iminothiadiazoles 
took pla ce i n a vari e t y of med i a : 2-i mino-1 3-thiazoles 
(I - 15; R=C6H4) r ea rranged in wa r m aci d (Murav' e va an d 
Shchuk i na, 1960); 5-i mino - 1 , 2 , 4-thi ad iazol es (I-1 6 ; R=CH 3) 
rea r ranged on hea tin g (Goe r del e r an d Roth; 196 3); both 
potential rear r angements of t he 1,2,4-thiadiaz ol e 
(
11 Hector 1 s Bases 11 )(I-17; R=Ph) we r e r e alised on hea tin g 
the imine in alcoholic ammon i a (Ku rz e r, 1956 ). 
8 
I I 
A REVIEW OF PREVIOUS STUDIES OF 
THE REARRANGEMENT IN THE PYRIMIDINE SYSTEM 
1. Introduction 
The symmetrical structure of the pyrimidine nucleus 
permits of two isomers with an alpha orientation of 
C-imino and ~-alkyl groups, and therefore susceptible 
to Dimroth rearrangement. These are exemplified in 
1,2-dihydro-2-imino-l-methylpyrimidine and in 
3,4-(l,6)dihydro-4(6)-imino-3(1)-methylpyrimidine. 
A third isomeric imine containing a gamma disposition of 
imino and ~-alkyl groups, does not undergo the reaction . 
Instead, when submitted to the conditions of rearrange-
ment, hydrolysis of the imino function occurs . 
The literature of the 2-iminopyrimidines is extensive 
(reviews: Brown, 1968; Wahren, 1969). The greater part 
has resulted from research in Canberra (by D. J. Brown and 
co-workers) and includes significant cont r ibutions to the 
understanding of mechanism from the kinetic studies of 
D.D. Perrin and I.H. Pitman. 
In contrast, the literature (see reviews loc . cit.) on 
the rearrangement of 4-iminopyrimidines is very scanty . 
The preparation and rearrangement of the parent 4-imine 
is reported in this thesis. 
9 
2. The Dim roth Rear ran gemen t of 2-iminopyrimidines 
A semi-qua ntit ative approach ha s been adopted in most 
research on the effect of substituen son the ra e of 
Dimroth rearrangement. This permits discussion in terms 
of the e l ectronic and steric cha r acteristics of the 
substituents and the position they occupy in the 
pyrimidine ring. The rate pa r ame ter by which assessments 
and comparisons may be made was calculated by monitoring 
the change in ultraviolet spectrum of the imine, under 
standardised conditions (25°; pH 14) . The alkali 
concentration was chosen so t hat the initial spectrum 
was of the neutral species of the imine . A linear 
relationship between the logarithm of the change in 
optical density and the time, in dicated the first order 
character of the change and permitted calculation of a 
rate constant and hen ce the time for half disappearance 
of the imine (t 1 ), which is the parameter used in ~ 
comparisons . 
(i) l,2-Dihydro -2-imino-1-methylpyrimidine, the 
parent imine 
Brown and Harper (1 963) observed the progressive 
change of the free imine (I- 6 ) into 2-methylamino-
pyrimidine by the spectrophotometric technique just 
ou tli ned. The rate of disappearan ce (t 1 114 min . ) ~ 
10 
of the imine , "n dicated by a de cline in p "ical den sity at 
350 nm, wa s s i mi l ar o the ra e o om ·ion (t 1 108 min.) ~ 
of the methylam ino pyrimidi ne, in dica · ed by an in c ease ·n 
op ical densi y at 306 nm. Because isome ri ation 
requ i ed at l eas t wo distinct reaction (~ · ng-o pe ing and 
ring-closing), and as any app reciable accu mu l ation of 
intermediate is pre cl uded by the similarity in their 
rates, it was con c luded that the isomerisa i on proceeded 
by a slow (r ate dete r minin g) rin g-openi . g allowed by a 
relatively fast rin g-closure. Wh il e e amining th e same 
reaction at lower alkalinity (pH 11.5) , Per rin and Pitman 
(1965a) were able to isolate me thylamine and 2-hydroxy-
pyrimidine. This wa s interpreted as eviden ce that the 
reaction proceeded throu gh format · on of an acyclic 
intermediate such as the subs titut ed guanidine (I-9, R=H). 
Competing with ing-closure t o 2-me ·hylaminopy ri mid ine, 
was hydrolys is of his guan idine deriva ive to give 
methylamine and a substi tute d ur ea. Cycli s ation of the 
urea yielded 2-hyd roxypyrim i di ne . 2-Alkylamino- or 
11 
amino-pyrimid ines are not hydrolysed under such condi ions. 
Rearrangement i n th e presen ce of hyd ro ylamine produced 
the oxime of the r · ng-open spe cies. 
(ii) The effect of elect r on -depletin~ C-substituents 
Substituents of elec tr on-w ith drawing character further 
deplete the already def ici en t TI- e lect on layer of he 
pyrimidine ring and t he re by enhance its tendency to ring 
fission . The effect of elect ron- dep leting substituents 
is summarised in the accompanying Table 1. The Pfa 
values are included as an i ndicat i on (albe i t crude) of 
the extent of electron-withdrawal . 
The nitro substituent resulted in almost instant 
isomerisation; a cyano substituent resulted in the 
formation of unexpected products and is discussed later . 
The measurement of rate constants for ring-opening and 
for each reclosure (to the initial material and to 
rearranged product) in the 5-haloge no imines, was reported 
by Pitman (1965) and Perrin and Pitman (1965b) . For 
these rearrangements the rate determining step was 
reclosure to th e alkylaminopyrimidine ~ Implicit in this 
observation was the reversibility of the rin g-open · ng 
reaction. The t 1 values, recorded for these halogeno ~ 
derivatives in the table, are for the formation of 
alkylaminopyr imi dine and therefo e reflect the effect 
of the substituent on ove rall rate . In contrast, the 
rate constants for fission (also calculated by Pitman) 
are in the orde r Cl ~Br>I. 
12 
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Table 1 
The Effe ct of Electron-deplet·ng C-Subs titu en ts 
pK t 1 pH temp" 
- a ~ 
-------------~-----(m_i_n""""") __ ~ __ ( 0 c) 
Subst ituen t 
10 .75 114 14 25 
5-Br 9.95 39 12.2 20 
~N 
NJNH 
5-Cl 10.2 49 12.2 20 
5-I 10 . 2 31 12.2 20 
I 
Me 5-C0NH 2 9 . 1 7. 5 14 25 
38 13 20 
5-CN - see text 
11.6 166 14 25 
Me 
5-pr 12.2 178 14.3 25 
l 5-allyl 12 . 0 157 14 25 5-(2 1 -propynyl) Me 11.55 109 14 25 
Me 5-(1 1 -propynyl) 10.9 64 14 25 
5- C0NH 2 10 .2 26 14 25 
5-CN < 9 . 4 0 . 1 14 25 
2.8 13 20 
5-Br 11 . 0 26 12 20 
The majo rity of t he repo rt ed ra e pa ameters a r e 
based on the rat e of dis appea r ance of he · m· ne and as 
such may reflect only the rate of rin g fiss·on . Only 
in a few instances does the s pe ctral cha ge permit the 
appearance of the pro du ct to be mo nitore d accurate l y o 
The substituents propyl, a lkyl, pro p-2 1 - ynyl, 
prop-1 1 -ynyl, constitute a series in wh i ch size varies 
little but electronic character varies from ele ctron -
donating to electron-withdraw ing. Electron-withdrawal 
by the prop-1 1 -ynyl group, having a ri ple-bond in 
conjugation with the rin g, had a ma ked effect on the 
rearrangement rate (and also on the pK )(B r own and 
- a 
England, 1967). 
The electron-withdrawing cya no subst · uent has the 
predictable rate enhancing effec t on he ea angement 
of the 4,6-dime thyl at ed imine (Il-1, R=Me). The 
expected produ ct (11-3, R=H) was ob tained also from the 
intermediate (II-2, R=H) pr odu ced rapidly by in g-opening 
of the lower homologue (II-1, R=H) · n al aliu This 
normal recycl i sation occur r ed · n aqueo us ammonia (pH 9) 
but 1n stronge r alkali (pH 14) wh ich i s he usual medium 
for these reaction, an abno rmal e cycl ·s a ion gave 
4-amino-5-formyl-2,3-dihyd ro-2-imino-3-methylpyrimid "ne 
(II-4) (Brow and Padden-Row, 1966) . This p odu c then 
14 
underwent a slower and aga in abno r ma l rear angement to 
5-carbamoyl-2 - methylaminopy rimi dine (II-5) o It has been 
suggested (Brown, 1968) t hat format i on o . he 11 abnormal 11 
product was encou r aged by hydra i on of the formyl function 
of the intermediate in stro ng alkali; in contrast, the 
intermediate in the isomerisation of th e 4 , 6- dimethy l 
homologue, being ketonic in character, was not subject 
to hydration (Brown and Paddon-Row, 1967a) and so 
rearranged predictably . 
(iii) The effect of N(l)-subs titution 
The rearrangement rates for l-alkyl-1,2-dihydro-
2-iminopyrimidines increased with increase in the size 
of the alkyl group. However , the main difference was 
between the 1-methyl and the 1-e t hyl imines; thereafter 
the increase in rate was inapprec i ab l e (Brown and Harper, 
1963) . This observati on was attributed to an increase 
in steric bulk of t he subst ituen discou ragin g he 
reclosure of t he intermediate to the · nitial imine . 
In a second se ries (Brown and Padd on-Row, 1967a), in 
which the substituent groups were propyl, allyl, 
2 - h Yd r o xy ethy l an d p r op - 2 - y n y 1 ( a 1 1 of comp a ab 1 e s t e r i c 
bulk), the increase in rate was attribu ed toe ectron-
withdrawal by the substituent . Similar y, the 
£-nitrobenzyl de riv at ive rea rrang ed more apidly than 
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Table 2 
The Effe ct of N(l)-Subs titut i on 
Substituent 
Me 10.75 
Et 10.9 
~N Pr 10 . 9 
N~NH 
Bu 10.9 
Hp 10.9 I 
R 
-CH 2CH~CH 2 10.5 
-CH 2C:CH 10 . 0 
-CH 2CH 20H 10.5 
-CH 2Ph 10.2 
Me -CH 2C6H4No 2 (2_) 9 . 6 
"N 
N~NH 
Me 11 . 6 
Me 
-CH 2CH:CH 2 11.2 I 
R 
-CH 2C:CH l0 o4 BrcN 
I~ Me 9.95 N NH Et 10 . 2 
I 
R 
t 1 (m i n . ) ~ 
(25°;pH 14) 
114 
63 
55 
58 
57 
33 
6 . 2 
36 
23 
8 
166 
133 
44 
39 ( 20°) 
38 (20°) 
17 
1 8 
its simp l e ben zy l anal ogue . In the homologous 
4,6-dimethy l pyr· mi din es ( Brown and England, 1967) the 
effect of an un s a ur a t ed a lkyl gr oup was again to increase 
the ra t e by e l ectron-w ith d aw al o The s~mila ity in rates 
for 5-bromo-1-e t hyl -1, 2- dihydro- 2- · min opyrimidine and its 
1-methyl homologue has bee n ex plain ed (Pitman, 1965) as 
due to the composi t e na t ure of the measured half-lives. 
(iv) Reversib l e rear r angeme nts in the pyrimidine series 
The rearrangemen t s of im i nopy rimidines so far 
considered, pro ceed to for mall y a r omatic isomers which 
are stable towa r ds ring fi ss i on . When the ring nitrogen 
and the imino gr oup both ca rry a s ubstituent no such 
incentive exis t s and an eq uili brium is attained . 
(Mention will be made be l ow of exampl e s in which such 
alkyl groups a r e the sa me; t he se imines made possible a 
study of t he ring ope nin g r e action becau e the equilibrium 
between i ni t i a l imin e and intermed · ate ·s the only one 
possible.) 
The impor t ance of r e l a tive ster·c bulk of substituents 
was confi r med (Br ow , England, and Harpe r, 1966) by the 
ratios of iso me rs pro duc ed at equilibr · um see Table 3) . 
Thus in the r ea r ange ment of the l-benzyl-2-methyl · mino 
compound, very l i t tl e of th e 1-benzyl isomer remained 
after equil i br a ti on ; f urth er, he reverse is omer·sation 
Table 3 
~N 
I vlNR' 
I 
R 
(A) ( B ) 
Equilibria for the reaction 
A B 
Imine initially present Isomeric Ratio 
A 
B 
A or B 
A or B 
A or B 
A or B 
R R' 
Et Me 
Et Me 
Bu Me 
PhCH 2 Me 
. 
PhCH 2 Pr, 
Allyl Pr 
A % 
A + B 
40 
50 
30 
5 
10 
25 
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could not be observed. In this context the similarity 
in size of the methyl and ethyl groups was demonstrated 
by an isomeric ratio in which the ethylimino derivative 
barely predominated over its methylimino isomer, no 
matter from which of the two initial imines the 
equilibrium was attained. The larger alkyl group 
tended to occupy the extracyclic position at equilibrium. 
A second factor controlling the equilibrium ratio 
1s exemplified in the rearrangements of those imines 
bearing allyl and n-propyl substituents. Here spatial 
requirements were similar and the isomeric ratio 
reflected the difference in electron availability for 
the ring closure reaction. Thus the more electron-
withdrawing alkyl group tended to become part of an 
alkylimino substituent. 
Because of the similarity in the electronic spectra 
of these pyrimidines, the appearance of product and the 
disappearance of initial imine was observed through 
changes in p.m.r. spectra. 
(v) The effect of electron-enriching C-substituents 
Substituents of an electron-releasing character would 
be expected to compensate partly then-deficiency of 
the pyrimidine-imine system. Such electron enrichment, 
20 
, 
in overcoming to some extent the polarisation of the 
1,6-bond, should inhibit ring fission and become 
apparent as a decrease in rate of rearrangement. 
Such, it appears, is the effect of alkyl groups 
(see Table 4), although variations are slight. The 
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presence of amino groups has a more marked effect: 
hydrolysis to corresponding oxo or hydroxy compounds 
becomes the major reaction. Inhibition of rearrangement 
is evident, too, in some examples containing both types 
of substituent, e . g. in comparing the 5-carbamoyl-
pyrimidine (t 1 7.5 min.) and its 4,6 - dimethyl ~ 
homologue (t 1 26 min.). ~ 
Brown and Paddon-Row (1967b) predicted that the 
half-life for rearrangement of 1,2-dihydro-2-imino-
1,4-dimethylpyrimidine should be between that of the 
1-methyl- and the 1,4,6-trimethyl homologues. 
However, the rate of disappearance was anomalously 
low and the formation of oxopyrimidines indicated 
that hydrolysis of the imine and of the intermediate 
had taken precedence. The rearranged pyrimidine was 
obtained in only 10% yield. The 4-!- butyl homologue 
behaved similarly, as did the 5-bromo, 5-cyano, and 
5-carbamoyl -4-methyl imines. 
Table 4 
The Effect of Electron-enriching C-Substituents 
Substituent 
5-Et 
"'N 4,6-diMe 
N-LNH 4,6-diMe-5-Pr 
I 4-Me 2N Me 
4,6-diNH 2 
4,6-diMe 
a At 25°, pH 14. 
b At 25° 4 , pH 1 .3. 
10.75 
11.45 
11.6 
12.2 
13.7 
>12.7 
9 . 1 
10.2 
t 1 a (mi n . ) ~ 
114 
196 
166 
178b 
'v2000 
00 
7. 5 
26 
22 
The unexpectedly r apid rearrangement of 1,2-dihydro-
2-imino-1,6-dimethylpyrimidine, reported in this thesis, 
suggests that the observed rate of rearrangement of 
1,4,6-trimethyl compounds is, in fact, an average of 
the two rates. 
(vi) The mechanism of rearrangement 
The above studies have amply established that the 
Dimroth Rearrangement involves ring fission and 
23 
cyclisation steps, each of which is potentially reversible. 
The eventual product(s) is(are) the result of a balance 
between these equilibria which are controlled largely by 
the substituent groups. The nature of the acyclic 
intermediate is also well established . 
In addition, the kinetic studies by Perrin and Pitman 
(1965b) have successfully demonstrated a detailed 
reaction mechanism which satisfies observed behaviour 
more completely than those previously suggested (Taylor 
and Loeffler, 1960; Brown and Harper, 1963; Perrin, 
1963a). 
The first step in the postulated (simpl i fied) mechanism 
(see Scheme 1) is the rapid and reversible formation of a 
11 covalent hydrate 11 (A.H 20) of the neutral molecule of the 
imine (A). Although evidence of the formation of such a 
carbinolamine is presumptive, the hypothe s is was 
l 
HO 
N 
N~NH 
' Me 
~ t 
~ N _......H 
~ ... 
N NH 
I 
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A 
A.H 0 2 
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supported by the readily demonstrated addition of more 
powerful nucleophiles such as bi sulphite ion and ethanol, 
and by the observation of anion formation at high pH 
values. Covalent hydration is a well documented 
phenomenon in other ~-heterocycles such as quinazolines 
(Armarego, 1963; Perrin, 1965) and pteridines (Albert 
and Armarego, 1965). Another, perhaps more compelling 
demonstration of the participation of water in the 
rearrangement, is the stability of the free base in the 
dry solvents tetrahydrofuran, acetone, dioxan, and 
ether; on addition of measured amounts of water, normal 
rearrangement proceeded at a rate proportional to the 
amount of water added (Perrin and Pitman, 1965b; 
Pitman, 1965). 
Dimroth rearrangement also takes place in anhydrous 
diethylamine but not in triethylamine (which cannot form 
a covalent adduct); in primary amines ring fission 
occurs but subsequent addition reactions preclude 
reclosure to give the normal product of rearrangement 
(Brown, Ford, and Paddon-Row, 1968) . 
The ring opening reaction was isolated and studied 
. in 1,2-dihydro-1-alkyl-2-alkyliminopyrimidines. 
compounds undergo ring fission to a normal type of 
acyclic intermediate but this can give only the 
These 
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starting material on recyclisation. Pitman considered 
the ring opening of the carbinolamine as akin to the 
reversible cleavage undergone by analogous intermediates 
formed by addition of water to Schiff bases. Cordes 
and Jencks (1963) showed that such cleavage need not 
require acid or base catalysis. The formation of a 
11 water-bridge 11 (It-6) - a water molecule hydrogen 
bonded between ~(1) and the hydroxyl group attached to 
f(6) of the carbinolamine - would facilitate the required 
proton transfers and bond rearrangements. A similar 
activated complex is suggested for the ring closure 
reaction. 
The difficulties in rationalising observed rates in 
terms of the effects of substituents on such inter-
mediates was emphasised. However it was ventured that 
electron-withdrawal would favour adduct formation and 
facilitate the subsequent ring fission, by increasing 
the polarity of the f,~-bond. On the other hand such 
substituents would, by diminishing the nucleophilic 
character of the nitrogen atoms tend to retard 
ring-closure. 
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(vii) Rearrangements similar to the 
Dimroth Rearrangement 
In heterocyclic chemistry there are many examples of 
intramolecular rearrangements which proceed by a process 
of ring fission and subsequent recyclisation but which 
do not strictly conform to the definition of the 
Dimroth Rearrangement. A selection of such 
rearrangements is described ·briefly here. 
Labelled 2-aminopyridine underwent ring fission and 
reclosure when heated at 200° in the presence of 
either acid or base (Wahren, 1966). 
When refluxed in acetic anhydride-acetic acid, the 
labelled cytosine (II-8) gave, after hydrolysis of the 
acetyl derivatives, a 1:1 mixture of isomers (Wempen 
~ tl-, 1965). 
In the same reaction medium 2-hydroxy-4-methylamino-
pyrimidine (II-9) gave, after hydrolysis of the acetyl 
derivative, 3-methylcytosine (II-10). The reverse 
reaction, from 3-methylcytosine to 2-hydroxy-4-
methylaminopyrimidine, occurred in the same medium 
(Ueda and Fox, 1964). 
Cytosine-3-oxide (II-11) rearranged, again in the 
acetylation medium, to the 4-acetoxyamino derivative 
(II-12) (Delia~ tl-, 1965). 
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The imino-oxazine (II - 13) underwent a Dimroth-like 
isomerisation to the pyrimidine (II-14) (Lacey, 1954), 
and 2-iminobenzoxazines isomerised to 2-oxoquinoxalines 
(Doleschall and Lempert, 1964). 
Several rearrangements of 5-membered heterocycles 
such as thiazole, isothiazole, thiadiazole and 
thiatetrazole, have been reported. For example, 
3,5-dimercapto-1,2,4-triazole (II-15) rearranged in 
hydrochloric acid to 2-amino-5-mercapto-1,3,4-thiadiazole 
(II-16) (Guha and Jannah, 1938). Here the mercapto 
substituent was the counterpart of an ortho-imino group 
in the Dimroth Rearrangement. 5-Mercapto-l-phenyl-
1,2,3-triazole (II-17) was similarly transformed into 
5-anilino-1,2,3-thiadiazole (II-18) (Kindt-Larsen and 
Pederson, 1962). The thermal rearrangement of the 
related bicyclic 1,2,3,5,7-penta-azaindenes (II-19) 
(the so-called Christmas Rearrangement) and their 
rates of equilibration with the corresponding 
thiatetra-aza isomers (II-20), have been studied by 
Albert and Tratt (1966) and Brown and Paddon-Row (1967c). 
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I I I 
THE SYNTHESIS, CHARACTERISTICS AND REARRANGEMENT OF SOME 
NEW 2-IMINOPYRIMIDINES 
1. The Preparation of the !mines 
[Detailed preparative procedures are given in 
the experimental section, page 144 et~.] 
(i) 1,2-Dihydro-2-imino-l-methyl-
5-(p-substituted)phenylpyrimidines 
31 
The accompanying reaction scheme [(III-1) - (III-8)] 
presents the sequence of reactions involved in the 
synthesis of the 2-amino-5-phenylpyrimidines (III-8, R=H). 
Some ~-substituted-phenyl analogues were prepared 
similarly from the appropriate substituted phenylaceto-
nitriles; other .derivatives (~-nitro- and ~-amino-phenyl) 
were not accessible by this method and were prepared 
differently. The general procedure was applied 
successfully to phenylacetonitrile and its derivatives 
bearing a methyl, methoxy, dimethyl amino, chloro, 
bromo or fluoro substituent at the para-position . 
a-Formylation of phenylacetonitriles was achieved 
with varying facility, by the action of triethyl 
orthoformate in the presence of alcoholic sodium ethoxide. 
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The unsubstituted and the ~-halogenophenylacetonitriles 
reacted readily but the alkyl- and alkoxy-phenylaceto-
nitriles reacted slowly. Formylation of £-dimethyl-
aminophenylacetonitrile was carried out with triethyl 
orthoformate in the presence of sodium metal 
suspended in toluene. 
During partial hydrogenation of the formyl 
acetonitriles (III-1) in the presence of nickel catalyst 
one mole of hydrogen was absorbed to give a 3-imino-2-
phenylpropionaldehyde (III-2) (Rupe and Knup, 1927). 
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There appeared to be no tendency to further hydrogenation 
as is usual with most nitriles (cf. Rupe and Hodel, 1923), 
probably because of the stability gained by intra-
molecular bonding in the 11 aldimine 11 • The structure of 
the imine was verified by the disappearance of C=N 
absorption (2215 cm- 1) from the infra-red spectrum and 
-1 -1 the appearance of peaks (3400 cm and 3200 cm ) 
attributable to =N H and =C H-OH (Bellamy, 1958). 
Each aldimine cyclised to a 2-mercaptopyrimidine 
(111-3) when heated in ethanol with thiourea and one 
mole of hydrochloric acid. The (unstable) dialdehyde 
corresponding to the parent aldimine has been obtained 
by mild hydro l ysis with oxalic acid (Rupe and Knup, 1927). 
Cyclisation with other potentially suitable three-atom 
fragments, such as guanidine or i-methylthiourea, was 
unsatisfactory; condensation of the methyl ether of the 
parent aldimine (cf. Rupe and Huber, 1927) with thiourea 
resulted in only a slight improvement in yield. 
The 2-methylthio-5-phenylpyrimidines (III-4), produced 
by ~-methylation of the mercaptopyrimidines with methyl 
iodide in aqueous alkali, were oxidised by stirring with 
two moles of m-chloroperoxybenzoic acid, to give the 
sulphones (III-5) in high yield. This oxidising agent 
proved better than sodium metaperiodate or potassium 
permanganate (see Brown, 1970) which have been used 
widely in the pyrimidine and other series (cf. Barlin 
and Brown, 1967; Brown and Ford, 1969). Features of 
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the infra-red and p.m.r. spectra, consistent with sulphone 
formation, were the appearance of sharp, intense peaks 
in the regions 1125-1170 and 1310-1325 cm-l (Bellamy, 
1968) and the downfield shift of the methyl absorption 
from 7 . 4 to 6.6 T (cf . Brown and Ford, 1969) following 
oxidation . The methylsulphonylpyrimidines showed no 
signs of instability and they were easily purified . 
The use of sulphones as intermediates, obviated the 
preparation of chloropyrimidines (which are often unstable 
oils~ difficult to purify) and had the additional 
advantage (Brown and Ford, 1969; Barlin and Brown, 1967) 
that such intermediates are more reactive than the 
corresponding chloro derivatives. Thus nucleophilic 
displacement occurred readily in alcoholic methylamine 
to give the methylaminopyrimidines (III-6) and (less 
readily) in the weaker nucleophile, alcoholic ammonia, 
to give aminopyrimidines (III-7). N(l)-Methylation of 
the latter compounds to the imines (III-8) occurred on 
heating with methyl iodide in a sealed tube for several 
hours at 125°; also by the procedure of Carrington 
~ tl- (1955) using dimethyl sulphate in boiling 
nitrobenzene. 
£-Dimethylaminophenylacetonitrile (III-10) was 
obtained by dimethylation of ~-aminophenylacetonitrile 
(III-9). The published method for the preparation of 
this compound (Borovicka et~-, 1955) using dimethyl 
sulphate proved unsatisfactory, so methylation using 
methyl iodide in aqueous alkali was attempted. At 
room temperature the required dimethylamino derivative 
was formed together with the trimethylammonio compound 
(III-11). Below 20° the major product was the 
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dimethylamino compound; at higher temperatures formation 
of the quaternary iodide was favoured. The quaternary 
acetate, formed from the iodide by shaking with aqueous 
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s · lve acetate, was demethylated by reflu ing in benzene 
containing a trace of acetoni rile (£fu Wilso and Joule, 
1968) . The same product was obta in ed di rectl y om the 
quaterna y iodide by refluxing it in ethanolic sodium 
etho ide or in ethanolic sodium hydrox · de . The prese nce 
of wa e r led to the formation of the amide (I II-12) 
which ( 0 n the infra-red) lacked the strong nit ile 
absorption of the acetonitrile but exh i bi t ed amino 
absorptions (3100-3400 cm- 1 ) and a carbonyl absorption 
peak at 1640 cm- 1 . The p . m.r . spectrum differed from 
that of the ace onitrile only in a small upfield shift 
(6 . 4 to 6 . 5 t ) of the methylene protons adja cent t o the 
amide gr oup . Demethylation of the qua terna y iodide 
a so esul ed from dissolution of the sal in dimethyl 
sulphoxide at 33°! In this solvent the p . m. r. spectrum 
was 1dent · cal wi h that of the dimethyl am ·no com pound . 
Fo ma ·o n f om the quaternary salt proved o be th e best 
means of obtaining the pure ~-dimethylaminophenyl-
ace on · trile, which subsequently underwent formylation, 
eduction, eye isation and the remaining s eps as 
descr · bed o analogous compounds . 
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The stab "lity of the pyr imi dine su l phones (mentioned 
above) was attested by the nitration of 2-methylsulphonyl-
5-phenylpyr·m·ctine in con cen tr ated sulph uric acid . 
Like the corresponding 2-amino- and 2- methylamino-
pyrimidines, nitration occur r ed solely at the pa r a -
position, and the methylsulphonyl group was unaffected . 
This para-substitution gave rise to an absorp ti on band 
at ca 820 cm-l in the infra-red spectrum, and in the 
p . m. r . spectrum the amplification of the aromatic protons 
singlet to an A2B2 quartet (see Fig. 1). 
An attempt to nitrate 2-mercapto-5-phenylpyrimidine 
resulted in the formation of the disulphide (III-13) 
which was also obtained by shaking the mercapto compound 
in aqueous alkali, potassium iodide, and iodine (cf . the 
formation of the disulphide of the 4-methyl homologue; 
Gabriel and Colman, 1899). 
The formation of a ~-substituted produ ct during 
nitration of 2-methylsulphonyl-5-phenylpy rimidine 
attributes to the pyrimidine portion an electron-
releasing character similar to that of an amino group . 
Such activation of the para-position is in contrast to 
the deact i vation suggested by meta-n itration of 
2-phenylpyrimidine (Lythgoe and Rayner, 1951) and 
5-acetamido -2- phenylpyrimidine (Caton and McOmie, 1968) . 
In each case nitration occurs meta to the point of 
attachment of the phenyl ring. The pi ct ure is further 
complicated by the nitration of 4-phenylpy rimidine 
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Figure 1. P.m.r. spectra of the 5-phenylpyrimidines shown (solvent: CDC1 3). 
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which yields Q- and m-nitro deriva tives (Lyn ch and Poon, 
1967) v Fu her consideration of the ni ration patte rn 
follows in a discussion of the nitration of the 
4,6-dimethylpyrimidine homologues below. 
2-Amino-5-~-nitrophenylpyrimidine (III-14) was 
obtained by nitration of 2-amino-5 - phenylpyrimidine, and 
also by nitra ion of 2-methylsulphonyl-5-phenylpyrimidine 
followed by replacement of the sulphonyl gr oup in cold 
e hanolic ammonia. The imine (III-15) was obtai ned by 
heating the aminopyrimidine and dimethyl sulphate in 
ni robenzene or with methyl iodide in a sealed tube . 
The co esponding aminophenyl derivative, 
5-~-aminophenyl-1,2-dihydro-2-imino-l-methylpyrimidine 
(III-16), was obtained by reduction of the ~-nitrophenyl 
imine (III-15) with iron powder and traces of ferrous 
su phate and hydr · odic acid . Catalyti c hyd r ogenation 
o 2-am · no-5-~-n · trophenylpyrimidine (III -1 4) and its 
2-methy am · no analogue gave the corresponding diamines . 
Of these, the 2-aminopyrimidine (III-17) was methylated 
at ~(1) w· h me hyl iodide in the usual way. 
[Reduction of he n·tro function was appa rent from the 
disappearan e from the infra-red spectrum of abso r pt i on 
peaks characteristic of this group, i . e. 1505-1525 and 
1350-1360 cm-l (cf . Bellamy, 1958) . In addition, there 
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was an upf i eld s hif t of peaks in the p . m .. spectrum, 
· nd·ca ·ng a ma ked change ·n elect ronic environme 
affect · ng pa ticul arl y the aromat ic protons (see Table 7)]. 
Me hy atio n of crude samples of 2-ami no-5 -£-nitro-
phenylpyrimid ·n e (III-17) resulted in a separable mixture 
of pr odu cts. In addition to the required 2- am ino-
1-methylpyrimidine (III-16) methylation with methy l 
i odide gave two compounds: a yellow methanol-solub le 
mono-hyd · odide identical with mater i al prepared from 
t he £-n ·trophenyl-2-oxopyrimidine (III-18) (Brown and 
Lee, 1970); and a r ed methanol-i .nsoluble tri-iodide 
(having the same infra-red and p . m.r. spec tra but a 
d .fferen melt · nq po · nt and iodine content) der ·ved 
from the same oxopyrimidine . Methylation with dimethyl 
sulphate produced the required imine together with the 
o opyr · midine ( "so ated as mono-hydriodide) just 
desc ibed o Fu her investigations indicated that the 
· trat · on o 2-amino-5-phenylpyrimidine must be ca ried 
out be ow oom temperature (at 10-15°) if t he f ormation 
of 2-hyd oxy- 5-£-n · trophenylpyrimidine, he precurso r 
of the by-p odu ct s is to be avo i ded . 
Hea g c ude samples of 2-amino-5-£-Chloro(fluoro 
or d ' me hylamino)phenylpvrimidine in methyl · odide 
a so esu ed in separable mixtures of the required 
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~-methyl imines and ~-methyl-oxopyrimidine s . These o o 
derivatives probably arose from 2-ethoxy derivatives 
(Ill-19), contam·nants of the 2-am ino - 5-phenylpyrirnidines . 
Due to the high leaving ability of the methylsulph onyl 
g oup, incidental nucleophilic attack by solvent as well 
as by the imposed nucleophile often produced a mixtu re of 
compounds (cf . Brown an d Ford, 1969; Winkley and Rob ins, 
1969) . The ethoxy compounds so formed when heated in 
the presence of methyl iodide, rearranged by a Hilbert-
Johnson reaction* and alkyl exchange, to the ~-methy -2-
oxopyr · midines (III-20). To obviate this incidental 
nucleophilic attack, replacement of the me hylsulpho nyl 
g oup was car ied out at low temperatures (see 
experimental section), generally at 0-5°. 
Preparative rearrangement of each imine was carried 
ou by warm · ng in aqueous alkali and ext racting the 
resu tant me hy aminopy imidine (III-21) into chloroform . 
These rearranged products were confirmed in identity by 
unamb · guous synthes·s through methylaminolysis of the 
corresponding sulphones . • 
* The rearrangement of an alkoxypyrimidine o an ~-alkyl-
oxopyrimidine on heating in the presence of an alkyl 
halide (cf. Pliml and Prystas, 1967; Brown and Lee, 1970) . 
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(ii) The transformat i on of phen yl pyrimid i nes 
into di phenylpy r idines 
Although am i nolysis of alkoxy- and alkylthio-
py r imidines generally requires more for cin g cond i tions 
than does aminolysis of the co rrespond i ng chl oro or 
methylsulphonyl compounds (cf . Brown, 1970) , an attemp 
was made to aminolyse several 2-methoxy-5 -(£ -su bstitu ed -
phenyl)pyrimidines (III-22) that had r e centl y bee n 
prepared (Brown and Lee, 1970) . 
The ~-methyl-oxopyrimidines that migh t hav e be en 
e xpected as by-products from thermal rea rang ement of 
t he methoxypyrimidines (cf . Brown and Lee, 1970) we re 
no t detected; i nstead 3,5-di-(~-substituted - phenyl) 
py ri di nes (III-23) were obtained unexpe cted ly and in 
good yield . The required 2-aminopyr i mid in e (III-24) 
was also fo r med during the reaction; it was unaffected 
by ammo ni a a t 200° . 
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Compounds so r eated were 2-metho xy -5- phenylpy rimidine, 
and the £- d·methylamino, £-methoxy, and ~- me t hy l 
de i vat i ves; in ea ch case a 3,5 - dis ub stituted pyrid i ne 
t oge t her with an aminopyr i midine wa s f ormed . The 
cond "ti ons of ea ch r eact i on, the propo rt · on of each 
pr oduct fo r med, and the method of sepa r at ion a r e given 
in t he expe imental section. 
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m - 23 
In contrast o these reactions in ammonia, methylam1ne 
eacted much more quickly with each phenylpyrimidine at 
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the same temperature to give only a 2-methylaminopy rimi dine 
(III-25) in quantitative yield. 
The fo mation of pyridines from pyrimidines was 
previously unknown although the reverse transformation 
has been reported . 
3,5-Disubstitution of the pyridine nucleus was 
· ndicated by the p . m. r. spectra (see Fig.2): a doublet 
(J=2cps) at 1.1 o 1.3 T integrating for 2 protons and 
a triplet (one proton coupled to two equivalent protons) 
at 1. 9 to 2o0 T, assigned to the ~(4) proton o The 
spec ral pattern for ~-substituted-phenyl substituents 
was as expected from previous examples; the intensities 
were doubled ·n accordance with disubstitution of the 
py idine . 3,5-Diphenylpyridine was prepa red by a 
known method (Eliel et al., 1953) from phenylacetaldehyde 
and ethano ic ammonia at 195°. It was identical with 
the by-product formed from 2-methoxy-5 - phenylpyr imi dine 
by s · milar treatment. Thus it is possible that trans-
fo ma · on of the pyrimidines to pyridines · nvolved 
degradation of the pyrimid·ne ring to a phe nylacet-
aldehyde derivative. 
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Figure 2. P.m.r. spectrum of a 3,5-diphenylpyridine in CDC1 3 . 
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(iii) l,2-Dihydro-2-i~ino-1,4,·6-trimethyl -
~(p-substituted)phenylpyrimid ines 
The synthesis of such imines bear ing a 5-phenyl, a 
5-~-aminophenyl, or a 5-~-nitrophenyl substituent, and 
of associated intermediates, is set out in the 
accompanying reaction scheme [(III-26) - (III -34 ) ]. 
Acylation of benzyl methyl ketone (III-26) by 
Claisen condensation with ethyl acetate gave only a 
minute yield of ~the required diketone (III-27) . 
However the condensation of benzyl methyl ketone with 
acetic anhydride in the presence of boron trifluoride 
was more practical; the method of Hauser and Manyik 
(1953) was modified for the use of the ethera te 
complex in place of boron trifluoride gas. The · 
borofluoride complex (III-29) first isola ted (and 
analysed) was broken by mild hydrolysis in aqueous 
sodium acetate. The resulting phenylacetylacetone 
(III-27) produced the same colour change with ferric 
chloride and the same green-black copper salt as 
described by Morgan et tl· (1925) for the product of 
Claisen condensation. 
Rather low yields of the pyrimidine (III-29) were 
obtained by condensing phenylacetylace t one with 
th· ourea, but reaction with guanidine was even less 
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(iii) 1,2-Dihydro-2-i~ino~l,4,·6-t rimethyl-
~(p-substituted)phenylpyrimidines 
The synthesis of such imines bearing a 5-phenyl, a 
5-~-aminophenyl, or a 5-~-nitrophenyl substituent, and 
of associated intermediates, is set out in the 
accompanying reaction scheme [(III-26) - (III-34)]. 
Acylation of benzyl methyl ketone (III-26) by 
Claisen condensation with ethyl acetate gave only a 
minute yield of ~the required diketone (III-27). 
However the condensation of benzyl methyl ketone with 
acetic anhydride in the presence of boron trifluoride 
was more practical; the method of Hauser and Manyik 
(1953) was modified for the use of the etherate 
complex in place of boron trifluoride gas. The · 
borofluoride complex (III-29) first isolated (and 
analysed) was broken by mild hydrolysis in aqueous 
sodium acetate. The resulting phenylacety lacetone 
(III-27) produced the same colour change with ferric 
chloride and the same green-black copper salt as 
described by Morgan et tl· (1925) for the product of 
Claisen condensation. 
Rather low yields of the pyrimidine (III-29) were 
obtained by condensing phenylacetylacetone with 
th·ourea, but reaction with guanidine was even less 
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satisfac ory fo r preparative use (cf . lowe r homo l og ues) . 
. -
Accordingly, 2-mercapto - 4,6-dimethyl-5 - phe nylpyrimid ine 
(III-28) was prepa ed as the hydrochloride f r om phenyl-
acetylacetone and thiourea . It was ~-methylated by the 
usual procedure and the product (III-31) was oxidised 
w i t h t w o m o 1 e s · o f m - c h 1 o r o p e r o xy b e n z o i c a c i d i n 
chloroform . The resulting sulphone (III-30) reac ed 
readily with methylamine to give the 2-methylamino -
pyr · midine (III-32) . The sulphone was more resis t an t 
to ammonolysis than was its lower homologue*, requ i r in g 
aqueous ammonia-ammonium chloride for 18 hou r s at 120° 
to effect replacement. [Replacement of the 2-chloro -
py imid i ne corresponding to the sulphone (I I I - 30) 
reported y occurred during 23 hours at 150° (Hause r 
and Manyik, 1953)]. The aminopyrimidine ( III - 34) wa s 
converted in o the ~- methylated imine (II I- 33 ) on 
heat i ng in methy iodide at 115° for 2 hours. 
The lower homologue underwent replacement, by solve nt 
as well as ammonia, during 1½ hours at the same 
temperature in ethanolic ammonia. 
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In contrast to compounds of the lower homologou 
se i es, nitration of th e 2-methylsulphonyl, 2-methylam ·no-
and 2-amino-py imidines (III-30, 32, and 34) did not give 
solely ~-nitrophenyl der ivati ves . Thus whe n he sulpho ne 
(III-3 0) was subjected to nitratibn in mi xe d acid at 
10-15°, not only did m- and t-nitrat i on ensu e , but the 
methylsulphonyl was replaced by an hyd r oxy group . From 
he re acti on mixture, 2-hydroxy-4,6 - dime thyl-5-t-nitro-
phe nyl py r' mi dine (III-35) was isolated and confirmed in 
structure by comparison with authent ic mater i al des cri bed 
be l ow; he meta-isomer was not isolated . In contrast, 
from the mixtu r e formed on nitration of 2-amino-4,6-
dimethyl-5-phenylpyrimidine, the m-nitro compound 
(III-36) was the is omer more readily isola ed . The 
structure of this compound was indicated by the complex 
pa tern of t he aromatic protons in t he p . m. r o spectrum, 
abso pt ion in the 700-900 cm-l re gi on in the infra-red 
spect r um, and by elemental analys i s . 
For the n · tration of the aminopy rimidine (III-33) 
several procedures were attempted: 
a . Sulphu ·c ac · d potass ium n · trate: the m-nitro 
de · va ve was separated from a mixture of mono-nitration 
p oducts . 
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11(-38 
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b v Po ypho pho ic acid nit i ac · d: a -a her specta cul a 
eaction produ ced 2-hydro y-4,6-dime hyl-5-m-(and ~-) 
n · rophe ylpyr1m "dine o 
C, Ace lC acid n1tri acid: no changev 
d . Acetyl n·t te: a mixtu e o ace · ic anhyd ide and 
* um ·n g nit ic acid has been used top oduce, in 
pa cu a , ~-ni ro compounds o The p oduct of his 
reaction was not ide ified o 
e o Sulphu ic ac1d nit ic a id: a mixture of compound 
was produced · c uding nitrated aminopyr ·midin es and 
n · ra ed hyd o ypyrimidines . 
N1t at ·on of 2-hyd oxy-4,6-dimethyl -5-phenylpyr·midine 
(III-37) (which w s p epared by conde at · on of u ea and 
phenyla e ylace one n sa · sfac ory yield) also ga ea 
m·xtu e of isomers The minor m itrophenyl com po nen 
wa emoved (with ome o the ~-isome ) by soxhlet 
ex rac 10n ea ng only the £ -n·trophe ylpyr mid1ne 
(Ill-38), ident"fied by i s 1nf a-red and p . m. r . spectra . 
This py m·d·ne (III-38) reacted wit phospho yl 
ch o 1de to g1ve the o esponding chlo o compound which 
Then a i g agent ' assumed to be a etyl n·trate 
wh "c h e p osive ·t hea ed above 60° ad often 
e plos·ve wh n bough · nto con ac w· h g ound-g ass ! 
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was converted i n he am1n (I[I-39) on heat , g i n 
hanol · c amm on 1a (150°; 17 hours , and i o he 
me hy ctm · ne (llI-40) by ethanolic me hy1amine unde 
Each of hese £ nitropheny1-
pyr1m1d · ne wa hyd ogena ed to the co responding 
£-amino derivat1ve o 
Forma on o he ~-methyla ed iminopyrimidine (III-41) 
proceeded normally from the ~-nitrophenyl derivative 
(III-39), bu whe he corresponding £-aminophenyl 
compo nd (III-43, R~H) was heated · n me hyl iodide, 
me hy a 10n took place on he £-am · no group . The 
s rue u e (111-43, R- Me) was assigned to he produ ct 
on he fol · ow · g evidence o 
a ~ eleme a1 analysis: two methy group had been 
gai ed bu no iodine; 
b p omn u sp e rm : lack of a double rep r es en ing 
a 2 me ylam no group; 
c ts low pKa va ue; ad 
d s fai re o d "azot·se and coupe: pr e cluding 
the presence of a p ima y amine on the phenyl ring 
(2-am nopyr1rn d ne doe o . couple) 
A by-p du e of h s reac on was he equired 
~-methyl a ed . (III-42), i S 0 ated it di-iodide m 1 n as 
e anola e 0 e ys a iSa 0 f om e ha o 1 o The 
5 5 
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same 1m1ne (as hyd 1od1de) ( lI 42) was b ctined more 
sa 1 fac o i ly by reduc ·on of he n rophe . y1 imine 
(IfI-41) wi h ion powde ; other methods o reduc ion 
were le s sat "sfa c ory o 
An a emp o u e he Gombe g reaction to give the 
~-nit ophen 1-aminopy imid ' ne (III-39) cf . Lythgoe 
and Rayne , 1951) rom ~-nitrobenzenediazon · um chloride 
and 2-am·no-4,6-dime hylpyrimidine, gave only t e 
d"azo-aminopyr · midine (111-44) (cf o Kar inskaya and 
Khromo -Bo ·· sov 1962) ~ 
Each mine was rea anged on a p eparative scale 
o a me hylam · nopyrim "dine which was compa ed wi h 
a he mate ia described above 
(iv) Ni o 5-pheny py im · d · nes 
It has bee hown (above; a so Bown and Lee, 1970) 
a 2-am o- 2-hydroxy , 2-me hoy- a d 2-me hyl -
sulphonyl - 5-pheny pyrim.dine all u dergo itratio only 
a he 2_-po 1· ,on of he pheny ing , Th · s sugges s 
a ivation of he posi ion hough elec on- elease by 
he py mid1ne mo · ety, a postulate confl1ct1ng w· h the 
accep ed elec 
Mo eave a 
o -de · c en na u e of the hetero-r ng . 
iva io by elec on-re ea e should be 
nte s · d by a ta hment o f-methyl g oup to the 
PY im1d ne ring. on he ont ary, n ion o 
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4,6-dimethyl-5-phenylpyrimidines produced a mi xt ur e of 
m-and £-nitro derivatives. 
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The pattern of nitration here observed appears t o be 
unusual in that nitration of analogous compounds (or, 
more correctly, their conjugate acids) resulted generally 
in m-nitrated products: Lythgoe and Rayner (1951) 
reported predominant m-nitration of 2- and 4-phenyl-
pyrimidine and of 4,6-dimethyl-2-phenylpyrimidine; 
5-acetamido- and 5-nitro-2-phenylpyrimidine gave only 
m-nitro derivatives (Caton and McOmie, 1968); and 
nitration of quinoline (Austin et tl·, 1962), imidazole 
(idem. ibid) and isoquinoline (Moodie et tl·, 1963) 
involved the conjugate acids. Further, Lynch and Poon 
(1967) reported, as well as m-nitration of 4- phenyl-
pyrimidine, some a-nitration . The latter was postulated 
as occurring via an intermediate ~-nitronium complex, 
analogous to those probably involved in the nitration 
of pyridine (Olah~ tl·, 1965), its derivatives (Jones 
and Jones, 1964), and bi phenyl (Taylor, 1966). Although 
electronically m-directing, the nitronium complex led to 
the formation of an ~-isomer probably by migration of 
the n · tronium ion to the adjacent position (Taylor, 
1966; Lynch and Poon, 1967). Finally, Clark and 
Mu doch (1969) repor ed nitration of 2,4-dihydroxy-6-
pheny pyr1mid1ne at no ess than hree pos ·ti o s: the 
m- and Q_- pas i i ans o the phe y 1 r ng and the 
5 posi · on o he pyrimidine ring . 
Int ese examp es · t can be conf"den ly assumed hat 
deac ivation o he£- and~- positions o elect ro ph ilic 
substi .ut · o fol ows protonation of the heterocycl ic 
ompound in he strongly acidic nitrat · on media o The 
ca on o fo med would be comparable with he qua ernary 
ammon · um ion o he nitro group in its capacity to so 
deac ivate . This analogy was supported by the 
observat · on by Lynch and Poon (1967) from P~m . r . 
spec ra, hat "pro onation of the pyrimidine ring renders 
the pyrim "dine and nitre groups o•• simila · n their 
• t • II magne 1c prope 1es .... Formation of a n-c omp lex to 
the . 1 onium ca ·on , fo lowed by m·g ation to a posi ion 
mos ac cess1ble o the n·t o g oup, accounts for the 
u e pe ed o- ubs i u ion . 
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Cea ly h se expla at·ons cannot satisfy the nitration 
o the 5-phenylpyr · m· dines o Ra her, the pa e 
produc must be seen as esulting ram a balan ce between 
he stab · · y of he p o onated form ( he conjugate ac · d 
and/a n1 on · um complex) and the reactivity of the 
uncha ged py · mid · ne moiety [_f_. the a · on of 
ani] ne (Mor ison and Boyd, 1962); also he nitration of 
2- and 4-phenylpyr1dine (Forsy hand Pyman, 1926) which 
gave main y ~-ad~- but a so 30% of the rn - ubstitu ed 
nitro derivative, p obably because the deact i vating 
inf uen e of a single pro onated ring nitrogen atom was 
· nadequa e op eclude he more rapid~- and~-
substitution]. The protonated species of the 
4,6-dime hy py · midines wil be more stable than that o 
he lowe homologues by vi tue of the base-strengthening 
me hy g oups o The cation favours the fo mation of 
4,6-d·me hyl m-nit ophenylpyrimidines at the expense of 
some of the £-·some . However, in the lower homologues 
the relat · ve ·ns abili y of the cation permits the 
relati e ates o he two reactions to be product= 
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de erm·ning and does not interfere with he rapid formation 
of~- ophenylpyrim1d · nes o Contra iwise, the 
deact·va · on o ne £-position by pro ona i on of the 
hete ocyc · c ng (e og . in 2-amino-4,6 - d · methyl-5-
phenylpyrimidine) must have been dimin · shed by the marked 
lack of co-pa a 
bough abou by 
y between the r · ngs, a situation 
he same methyl groups that lent t he 
necessa y stab · 1 y to he deactiva ing species 
(v} !,2-D "hydro 2-·m1no-5~me ht_l p,irini~di ne 
2-Amino-5-me hoxypyrimidine, which was subsequen l y 
qua ern sed · n methyl iod i de ogive he pre viously 
unknown · m· no-5 metho ypyrimidine (III-54), wasp epared 
by a ra he unsa isfacto y indirect route involving 
ntermed1a es wh · ch were unusually d "fficul top epare , 
A empts to repeat the primary synthesis of 2-amino -
4-hydro y-5-me hoxypyr · midine (Bud~s 1 nsky ~ tl· , 1961a) 
or i s 2-me hyl hio ana ague (Budes t nsky et~"' 1961b; 
Fedrick et~- , 1964) failed . So too did the 
condensa ion of die hyl methoxymalona e with guanidine 
( S ch e r . n g A -G • , 19 5 9 ; B u des f n s k y e t !l. , 19 6 1 a ) . 
6-1 
Howeve 4-hydroxy-2-mercapto-5-methoxypy imidine (III-45) 
was prepa ed satis ac or1ly by the me hod of Chesterfield, 
Mcom · e and Tue, 1960) us·ng methyl methoxyacetate, 
me hy orma e, ad thioureao Subseque t ~- methylat i on 
(Budesfn ky et ~ e , 1964) followed by chl o 1nation gave 
he metho ypy · m1dine (III-46) bea · ng a readily 
removab e subst· uent · n the 4-pos · tion and a substituent 
n he 2 pas · · o amenable to exchange. Thus oxidation 
of the me hylsulpho y compound (III-47), followed by 
deha ogena ion gave 5-methoxy-2-me hylsulphonylpyrimidine 
(III-48) Although he methylsulphonyl group was 
ead y rep aced in ho methylamine to give the amine 
MeO 
MeO 
Cl 
OH 
'°'N I ~I 
N~SH 
m-4s 
"N 
I N~SMe 
m-46 
MeOLN I .. ) ~~-
N~NHMe 
m-49 
62 
Cl 
MeO 
MeO ~ N 
~ N.9'-so Me 2 
m-48 
(III 49), a s · m· l ar ea ction i n e t ha ne ic am mo ni a 
gave on y tars . The most sa i sfa ctory r out e to 
he requ · red 2- amino compound was by f us i on of the 
methylth "opyr "mid i ne (I I I-50) with ammon i um acetate 
. 
(~f " Curran a·nd Angier, 1963) (III-51), chlorinat i on 
of the hyd o y group to gi ve (III-52), and subsequent 
ca a ytic deha ogenat·on to give 2-amino-5-
metho ypyrimidine (III-53). The crude product 
s owly underwent ~(1)-methylation at room temperature 
to yield the required imine (III-54). 
Another attempt to make 2-amino-5-methoxypyrimidine 
by condensation of the tetra-acetal of methoxy-
malondialdehyde with guanidine gave on l y 2- am i no-5-
chloropy imid "ne (III-56) . Since 2-am · no-5 -
methoxypyrimidine was unaffected under s i mi lar 
cond " ions rep acement of the methoxy gr oup mus t 
have occu red ·n he aliphat · c intermed i at e t o 
genera e chlo o-malondialdehyde wh "ch subsequently 
condensed with guan1dine . The method developed 
(see expe ·men al sect · on) for t he pr epa r a ion of 
methoxymalond · a dehyde te t ra-acetal (III-55b) from 
· s b omo ana ague (III-55a; Bredereck , 1962), 
represents a considerable improvement in y i eld and 
procedure (£f_. Klimko ~ ~ . , 1967) . 
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(vi) l,2-Dihydro-2-imino-1,6-dimet hylpyr · midine 
Treatment of 2-amino-4-methylpyrim i dine and several 
of its 5-substituted derivatives with methyl iodide 
has been shown (Padden-Row, 1966; Brown and Padden-Row, 
967b) to yield only 1-methylated derivatives, i . e., 
compounds in which the methyl groups have adopted a 
~ara-relationship. In order to obtain an ortho-
relationship 2-amino-4-chloro-6-methylpy ri midine was 
heated with methyl iodide . A single ~-methylated 
derivative esu ed; by analogy with the product 
obtained by Berg and Parnell (1961) from the same 
py "midine and diethyl sulphate, this was assumed 
to be the dimethyl imine (111-57) . This was verified 
by deha ogenation to the .imine (111-58) which differed 
from the known ·someric para-imine (111-59) . Both 
isomers rearranged o the known methylaminopyrimidine 
(II I - 60) . 
65 
Cl 
"'N 
\ ~' Me N~NH 2 
m-sg 
m-s7 
~N 
Me)!_N~NH 
I 
Me 
m- sa 
~N 
MeAN)l NHMe 
m-so 
66 
2 . Ultraviolet Spectra and Ionisat on Co nstants 
[Details of spectra and ion · sa t · on a econ ai ned 
in a tab e in the experimental sec · on] 
(i) Ultraviolet spectra of 5-pheny l pyrimidines 
The principal · nterest of the ultraviolet absorption 
spectra of 5-phenylpyrimidines is the extent of inter-
, action between the pyrimidine and phenyl chromophores 
as revealed by chang es in the wavelength at which 
maximum absorption occurs and in the intensity of that 
absorption o 
The accompanying Fig. 3 illustrates the profound 
differences be ween the spectra of 2-aminopyrimidine, 
2-amino-5-phenylpyrimi dine and 2-amino-4,6-dimethyl-
5-phenylpyrimid "ne. Thus the presence of the phenyl 
chromophore extends the length of the conjugated system 
o 2-aminopyrimidine and results in a ma r ked 
bathoch omic shift (ca 35 nm) and an i ncrease in 
intens·ty (ca 0.2 log-units) in the TI - TI * absorption 
maximum . These changes are greater than those usually 
brought about by substitution of the pyrimidine, 
bea r ing in mind that the extent of the shift and the 
· ncrease in molar ext · nction coeff i cient of the TI - TI * 
transition band is normally dependent upon the position 
67 
4 
(&) 3 
en 
0 
...I 
2 
220 
68 
260 300 340 
Wavelength (nm) 
Figure 3. Ultraviolet spectra of 
a. 2-aminopyrimidine, 
b. 2-amino-5-phenylpyrimidine, and 
c. 2-amino-4,6-dimethyl-5-phenylpyrimidine 
{all as neutral molecules). 
and nature of the substi uen t (cf o Mas o , 1962; 
Boarland and Mc0mie, 1952). 
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The diffe ences between t he spec rum of 2- am i no-
5-phenylpyr "mi dine and of it s 4,6-d "me hyl homologue are 
too great to be as cri bab le sole y to t he small electron ic 
effect of methyl groups [e . g . 2-am · no-5-bromopyrimidine 
exhibits a TI - TI absorp tion ba nd at 237 nm w·th a logs 
of 4 . 20 (Brown and Harpe r, 1965)] . Moreover, the 
hypsochromic shift (30 nm) and de crease in molar 
extinction coefficient (0 . 15 log-units) resulting from 
the presence of th e 4,6-dimethyl groups restores the 
absorption maximum of the 4,6-d i methyl-5-phenylpyrimidine 
to with in 10 nm and 0 . 05 lo g-units of t ha t for 
unsubst it uted 2-aminopy rimi dine, thu s almost completely 
negating the pr ofound ef f ect of the phe nyl chromophore . 
Hence by v1r ue of the·r s iz e and pos · ion (flanking 
the bond between he two TI -elec on systems) the methyl 
groups fo rc e th e sys ems fur her out of pane and 
thereby reduce the r esona nce interaction by abou t 75 %. 
The main resonance intera tion is not entire y bocked 
as it is in 4-amino-2,2'-d im ethy -4 1 -nitrob "phenyl or 
1n bimesi t yl, where the spec trum is · n effect the 
result of superposit i on of two independent systems; 
on the othe r hand, the chromophore · nte r a tion is not 
as strong as 1n £,£ '- dinitrob i pheny l where methyl groups 
at the 2- and 2 1 -positions produce on ly a slight 
hypsochromic shift and a slight dec r ease in band 
intensity (Sherwood and Calvin, 1942) 0 
The effective isolation of the t wo chromophores is 
borne out also in the compa r at ively s li gh t changes in 
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the spectra of phenylpyrimidines fo lowing £-Subst itution . 
Whereas 5-substitution of 2-aminopy rimidine produces 
shifts of the order of 20 nm [e . g . 2-amino- (224 nm; 
log s 4 . 11) and 2-amino-5-bromopyrimid ine (237 nm; 
log s 4 . 20)] similar substitut i on of a 5-phenylpyr · midine 
produces shifts of only 5 nm [e . g . 2-amin o-5-phenyl -
pyrimidine (261 nm; log s 4.32) and 2-amino-5-£-
bromphenylpyrimidine (267 nm; log s 4.27)]. 
Interplanar angles 
Direct determination of the ang le of twist by the 
Braude and Sondhe imer (1955) equa tion [s/ = cos 20J, 
s o 
requires that the intens ity on ly is affe cted by the 
loss of coplanarity and that the molar extinction 
coefficient for a planar reference compound is known . 
In the presen t series loss of coplana ity results also 
1n spectral shifts, and no planar reference compound 
1s available or even conceivable . However, estimates 
can be made by comparison of the phenylpyr'midine 
system with the closely related bipheny l system fo r 
which many data exist . 
The spectral shifts between 2-amino-5 - phe ylpy ri mi di ne 
and its 4,6-dimethyl derivative are sim i lar to those 
between biphenyl and its 2,6-dimethyl deriva ti ve fo r 
which interplanar angles of 23°-30° and 70° (Suzuk i, 
1959; Farini, 1964) have been derived . The coplana rity 
of biphenyl appears to be restored by a 6,6 1 -methylene 
bridge and the spectrum exhibits a ba t hochrom i c sh i ft 
(Sandin et al . , 1952) of about 20 nm by ana l ogy, an 
interplanar angle of 30° is suggested fo r th e 5-pheny l -
pyrimidines, and 70° for their 4,6-dimethyl homologues . 
(ii) Ionisation constants of 5-phenylpyr i mi dines 
Variation of the ~-substituent of 5- pheny l pyr imi di nes 
produces relatively little change 1n the · oni sa ti on 
constants compared with the change s pr od uced wh en t he 
same substituents are attached dire ctl y o t he 
5-position of the pyrimidine . For e ampl e , on one hand 
compare 2-amino-5-phenylpyrimid in e (pf a 3 . 34) with its 
£-nitro derivative (2 . 70) and its ~-b omo de iv ative 
(3.06); on the other hand 2-am i nopyr "mi din e ( 3. 71) with 
2-amino-5-nitropyrimidine (0 . 35) and 2- amin o- 5-
bromopyrim"dine (1 . 91). 
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~pK Values are still furthe r reduced in the 
-a 
4,6-dimethyl ser ies: a £-nitro subs ti uent in this series 
produces a de crease of only 0 . 37 units in the basic 
strength of 2-am in o-4,6-dimethyl - 5-phe nylpyrimi dine. 
The attenuation of substi t uent effects in these 
examples indicates reduced tran sm issi on t o the basic 
centre resulting from loss of coplana rity of th e ring 
systems caused by steric interference of hydrogen atoms 
in one series and by methyl groups in the series of 
higher homologues. Analogous effects in the ultraviolet 
spectra were interpreted similarly (above) . 
The usual effect of the mild e l ec tron-release by two 
methyl groups is an increase in basi c strength by 1.0 
to 1.3 units. However the methyl groups in 
4,6-dimethyl-5-phenylpyrim i dines also reduce transmission 
of the mild elec tron -withdrawa l by the phenyl ring 
(2-aminopyrim i dine, pK 3 . 71; 2-amino-5-phenylpyrimidine, 
-a 
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3.34) and so give rise to an 11 inflated 11 base strengthen ing 
effect. The Pfa change apparen tly attributable to 
methyl substituents is ca 1 . 8 units [e . g. 2-amino-5-£-
nitrophe nylpyrimidine, pK 2.70; the dime hyl homologue, 
-a 
4.54]. If 1.3 units of this change is due to the 
electronic effect of the methyl substituents, the 
remainder (0.5 units) probably arises from a decrease 1n 
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conjugation between the rings due to the steric effect 
of the methyl groups . However compa risons between 
series must be viewed with some caution because ionisation 
constants are complex functions, influenced not only by 
the electronic effects of substituents . 
On the other hand, comparison between compounds 
within a series is generally valid . Variations of 
the £-substituent in the series of 2-amino-5-phenyl-
pyrimidines, 2-methylamino-5-phenylpyrimid in es, and the 
1,2-dihydro-2-imino-1-methyl-5-phenylpyrimid ines produce 
pfa values which obey a Hammett-type relationship (see 
Fig. 4). Thus a straight line relationship exists 
between the ionisation constants of compounds in each 
series and appropriate sigma-values for the £-substituents. 
The sigma-values used are those derived by Berliner 
et .!.l_ . (1951, 1953) for the analogous biphenyl system 
from the rates of hydrolysis of £-substituted-
phenylbenzoic esters and from the dissociation constants 
of £-substituted-phenylbenzoic acids . [These systems, 
for which an interplanar angle of 20-30° was assumed, 
exhibited a reduction to one third in the transmission 
of substituent effect in the dissociation equilibriu m 
(Berliner and Blommers, 1951) and to one quarter in the 
rate of ester hydrolysis (Berliner and Liu, 1953)]. 
A similar linear relationship probably applies in the 
4,6-dimethyl series, but data for only three members is 
available . Sigma-values for £-dimethy lam·nophenyl and 
£-fluorophenyl substituents were derived fr om the 
classical values listed by Jaffe (1953), assuming a 
reduction in transmission similar to that applicable 
to other substituents. 
Exceptions to the linear relationship (plots 1 and 2 
1n Fig. 4) were caused by prior protona tion of the 
£-substituent in the 2-amino- and 2-methylamino-
pyrimidines which bear 5-£-aminophenyl and 5-£-dimethyl-
aminophenyl substituents. For these compounds, with 
two centres of comparable basic strength, the upper Pfa 
is assigned to the £-substituent (amino or dimethylamino) 
because the only difference in pK between the 2-amino-
-a 
and 2-methylamino-phenylpyrimidines is in he lower 
constant. Protonat i on of the £-amino (or substituted-
amino) group transforms it into a strongly electron-
withdrawing substituent the effect of which is to lower 
the basic strength of the guanidine system of the 
pyrimidine ring. The extent of this lowering (0 . 5 pfa 
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unit) is similar to that produced by £-nitro-substitution 
of 2-amino- and 2-methylamino-phenylpy rimidine (see 
Table 8), or by nitration of 4-aminob "phe yl (pK 4 . 3; 
-a 
75 
12 
• 
e 6 
11 
·-.-
5 .- 5 
4 • 
-
• 
4 
11 
D 
~I 
Q. 
10 
5 
• 
• 
• 
4 • 
3 
2 
0·3 0·2 0·1 0 0•1 0 ·2 
SIGMA- Value 
Figure 4. Plots of sigma-values against ionisation constants for 
1. 2-amino - 5- phenylpyrimidines 
2. 2-methylamino-5-phenylpyrimidines 
3. 1,2-dihydro-2-imino-1-methyl-5-phenylpyrimidines 
4. 2- amino-4,6 - dimethyl-5-phenylpyrimidines 
5. 2- methylamino-4,6-dimethyl-5-phenylpyrimidines 
6. 1,2-dihydro-2-imino-1,4,6 - trimethyl-5-phenylpyrimidines 
Substituents (L to R): NH 2 , NMe 2 , OMe, Me, H, F, Cl, Br, N0 2 . 
Kieffer and Rumpf, 1950) to 4-amino-4 1 -nitrobiphenyl 
(pK 3 . 86, see Table 8). 
-a 
The cause of the deviation of the ~-aminophenyl imine 
(III-16) is not clear for here the ionisation constants 
are well separated and there is no doubt that initial 
protonation occurs at the guanidinium system. Deviation 
may be due to unexpectedly strong resonance interaction 
between the £-substituent and a reaction centre that is 
capable of strong electron-withdrawal (cf. Hine, 1962) . 
As mentioned above, the first ionisation constant 
for the £-amino- and £-dimethylamino-phe nyl imines 
(III-62; R=H, R' =NH 2 or NMe 2 ; 10.97, 11.26) may be 
assigned to protonation of the guan idinium system . 
The resulting electron-withdrawal from the £-amino 
(or substituted amino) group lowers the basic strength 
of that centre and the second dissoc iation constant 1s 
depressed to a value similar to the second constant for 
4,4 1 -diaminobiphenyl (pK 4.7, 3 . 6) . 
-a 
Si milarly, in 
the 4,6-dimethylated imine (III-62; R=Me, R' =NH 2 ) the 
upper value (11.7) is assigned to protonation of the 
guanidinium system. The second constant (3 6) for 
the £-amino group is similar to that of the lower 
homologue (3.4), being little affected by the methyl 
groups, and to he second constant fo diaminobiphenyl 
mentioned previously . 
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Likewise, the assignment of i onisa tion constants in the 
4,6-dimethyl-5-phenylpyrimidines with two comparably basic 
centres, is the reverse of that in the lower homologues: 
the higher constant of 2-amino-4,6-dimethyl-5 -~-
aminophenylpyrimidine (pfa 5.1, 3 . 7) is ascribed to 
ionisation of the guanidinium system since to assign it 
to the ~-amino group would imply that the £-aminophenyl 
compound is a weaker base than the £-nitrophenyl compound 
(pfa 4.54). The lower value, for the £-amino centre, 
was depressed by prior protonation in the pyrimidine ring 
to a value comparable with the second constant in the 
biphenyl system (pK 4 . 7, 3 . 6). 
-a 
The pK values 
-a 
(respectively 5.3, 3.5; 5 . 3, 3.8) of 2-amino-5-~-
dimethylaminophenyl- and 2-methylamino-5-~-aminophenyl-
4,6-dimethylpyrimidines, beari ng extra methyl groups, 
are consistent with these assignments. 
(iii) The ult ravi olet spec trum and ionisation constant 
of l,2-dihydro-2-imino-5-methoxy - 1-methylpyrimidine 
The preparat i on of the 5-methoxylated im · ne (III-64, 
R=MeO) provided a rare example of elec ran-release · n the 
pyrimidine series. 
The ionisation constant (pfa 11 . 4) is consistent with 
the assumed electron ic character of the methoxy 
substituent, being simi lar to that of 5-ethyl analogue 
(pK 11 . 45) . 
-a 
However the ultraviole t spectrum bears a 
closer resemblance to that of the 5-halogeno imines 
(e.g. 5-bromo; Brown and Harper, 1963) than o that of 
the 5-ethyl imine. As will be discussed later, the 
rate of rearrangement of this methoxyla t ed imine is that 
expected from mild electron withdrawal rather than 
electron release. Thus each of the two electronic 
natures of the methoxy group is expressed; one, 
electron-release (a -0 . 268) in the i onisation const an t 
~ 
and the other, electron-attraction (a +0 . 115) in the 
m 
rate of rearrangement . 
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The pfa value is about one unit hi ghe r than that of 
corresponding methoxyquinazolines (Brown and England, 
1968) but complexity of the quinazol ine spe ctra precludes 
consideration of the effects of ring annelation . 
(iv) The ultrav i olet spec trum and ion i sa t ion constant 
of l,2-dihydro-2-imino-1,6-d imethylpyrimidine 
The ultraviolet spectrum of 1,2-dihydr o-2-imino-
1,6-dimethylpyrimi dine (111-58) is very similar to that 
of l,2-dihydro-2-imino-1,4-d imethylpyrimidine (111-59) 
,n which the methyl groups are in a para-relationship 
(Brown and Paddon-Row, 1967b) The sl i ght difference 
1n the ionisation constan ts is insignifi an in view 
of the structu ral diffe r ences between the compounds . 
3. Rearrangement Rates 
(i) The rearrangement of 1,2-dihydro-2-i.mino-
1-methyl-5-phenylpyrim i dines and their 
4,6-dimethyl homologues 
Introduction 
The imines (III-62; R=H or Me) underwent the Dimroth 
Rearrangement to form methylam ino-phenylpyrimidin es 
(III-63; R=H or Me) at rates which were influenced by 
substitution of the phenyl ring . Rate enhancement by 
electron-depletion of the reaction site and the converse 
effect by electron-enrichment (for which considerable 
evidence has accumulated) were verified further in the 
present study . However the c~ief aim of this study 
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was to measure quantitatively the effect on rearrangement 
rates of a substituent pos itioned to exe rt no influence 
other than upon electron distr ibution . Thus it was 
envisaged that ~-substitut i on of 2-imino-5-phenyl-
pyrimidines would allow discrete changes to be made on 
the electron ic environmen t while maintaining unchanged 
the spatial environment of the reaction s i te . Eight 
such changes were made to the parent compound, 
1,2-dihydro-2-imino-1-methyl-5-phe nylpyrimidine (III-62; 
R=R' =H) with ~-substitution by a nitro, fluoro, chloro, 
bromo, methyl, metho xy, amino, or dimethyl amino group 
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Figure 5. Rates of change in optical density of 1,2-dihydro-2-imino-
1-methyl-5-p -nitrophenylpyrimidine at 370 nm and pH 13. 
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Details of the procedure for rate measurements are 
included in the experimental section; in outl · ne, he 
method entailed monitoring the rate of change in the 
ultraviolet spec um of the imine under precise conditions 
of temperature and alkalinity (pH) . In previous studies 
the temperature of reaction was often set at 25° and 
alkalinity at pH 14, thus facili ating comparis ons . 
There appeared to be only very sligh base catalysis of 
the reaction and the chosen pH of the medium was usually 
such as to ensure that the imine was present ent·rely 
as free base . 
First order rate constants were obta ·n ed by plotting 
log (optical density change) against time, or in some 
recent determinations, by repeated calculation from 
optical and time data using a computer programme 
developed by Dr D.D. Perrin and Mr J . Ho skins for hat 
purpose. From these constants were calculated the 
half-life of the imines. Rate determi na ions were 
made at three temperatures and energ · es of activation, 
entropies and enthalp·es were calculated . Some rate 
determinations are depicted i graph · cal form 
(Figs . 5, 6, 9, 10) and resu ts appea in Table 5 0 
The thermodynamic parame ers (Tab e 6) are d "scussed 
in the te t . 
Discussion of results 
It became evident immediately that a substituent 
affected the rate of rearrangement much less when it 
occupied the ~-posit i on of a 5-phenylpy rimidine than 
when it was attached directly to the pyrimidine ring . 
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For example, the rate of rearrangement of the ~-bromo 
derivative (III-62; R=H, R' =Br; t~ 410 min . at 20°, pH 14) 
2 
was only slightly higher than that of the unsubstituted 
imine (III-62, R=R'=H; t 1 424 min.) whereas the rate of ~ 
rearrangement of the unsubstituted simple imine 
(III-64, R=H; t 1 114 min . ) was increased 120-fold in ~ 
its 5-bromo derivative (III-64, R=Br; t 1 0 . 9 min . ) ~ 
(Brown and Harper, 1963). Even the ~-nit r o derivative 
(III-62, R=H, R' =N0 2 ; t 1 301 min.) rearranged only a ~ 
little more rapidly than the unsubs tituted imine 
(III-62, R=R' =H; t 1 424 min . ) . ~ 
Consequently, within the series, the va iati on in 
rate is small; from t 1 301 min . for the it o imine ~ 
(III-62, R=H, R'=N 02 ) to t 1 444 min. for the ~ 
~-dimethylam ino analogue (III-62, R=H, R' =NMe 2 ) . 
This attenuation of substituent effect, parallel to 
that observed in the ultraviolet spectra and ionisation 
constants, must also arise from reduced interannular 
transmission r esu lting from lack of co p anarity between 
Table 5 
Rearrangement ratesa of 1,2-dihydro-2-imino-l-methylpyri midines 
Compound An a 1 . >. 
(nm) 
20°/pH 13 
10 3 1-: , t t 
C 
30°/pH 13 
10 3 1-: , t k 
2 
1, ~- dinJdro - 2 - imino - 1- methJl - 5 - rhenylpJ rimi dine 
unsubst. 370 1 . 6 3, 424 5.09, 136 
? -nitro 370 2. 30, 301 8. 77, 73 
i -fluoro 3 70 2.00, 346 6.45, 10 8 
?, -chloro 370 1 . 86, 372 5.97, 116 
1 -bromo 370 1. 69, 410 5. 50, 1 26 
F -methyl 370 1 . 6 1 , 43 0 5. 3 7, 129 
;, -methoxy 380 1. 60, 4 31 5.33, 130 
F,, -amino 370 1.58, 438 5.25, 132 
? -dimethyl amino 370 1 . 5 6, 444 4. 86, 143 
1, 2- dihJd r o - 2- imino -1,4, 6 - t r imethyl - 5 - phenylpJ ri midine 
unsubst. 350 2.69, 25 ?b 7.97, 87 b 
f -ni tro 350 3. 7 5, 185 b 11 . 0 , 63b 
f -amino 350 1. 80, 386 b 5. 76, 120 b 
1 , ~- dihJdro-2 - imino - 1- meth1lpJ r imidine 
6-methyl 350 25.8, 2 ?b 60. 3, 11. 5 b 
5-methoxy 384 9.18, 76 b 2 2. 7, 31 b 
40°/pH 13 
10 3 k , t , 
2 
1 7. 3, 40 
23.9, 29 
17.8, 39 
15. 7, 44 
1 7. 4 , 40 
16. 5, 42 
16. 4, 43 
14.4, 48 
13 . 6, 51 
86 
40°/pH 14 
3 10 k , t }' 
19. 8, 35 
2 7. 7 , 25 
18.8, 37 
1 7 . 8, 39 
18. 7, 37 
1 7. 4, 40 
1 7. 4 , 40 
13. 5, 51 
14. 2, 49 
2 1 . 1 , 33 
29. 9, 23 
12 . 2, 45 
133 5 . 2 
4 7. 4, 15 
a First-order constants (l0 3k , min.- 1 ); t ~ values (min.) in italics; estimated accuracy within • 5 % 
fort ~ values above 100 min. and ± 10 % below 100 min. b At pH 14. 
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the two ring systems . It will be recalled that 
ionisation data and ultraviolet spectra suggested a 
further deviation from coplanarity in the presence of two 
methyl groups, each ortho to the bond joining the two 
systems . Thus the spread of rates in the imines (III-62, 
R=Me) was expected to be even more r es tricted, with rates 
for all three imines virtually the same . The converse 
was true: within the small series studied, rather less 
attenuation of substituent effect was apparent, and the 
spread of rates was slightly wide r than in the series 
(III-62, R=H) . 
It was expected also, that the electron-releasing 
character of the methyl groups would cause the rearrange-
ment rate for each imine in the series (III-62, R=Me) to 
be lower than that of the cor r espond ing lower homologue 
in the series (III-62, R=H) . In fa ct the rates were 
.a l mo s t do u b l e d . This anomalous effect of 
4,6-dimethylation is examined furthe r in conn ec ti on 
with the rearrangement of 1,2-dihyd ro -2- "min o-
1,6-dimethylpyrimidine, but no adequate explanation 
has been devised. 
Plots of log t against Berliner's substi uent values 
failed to produce a rectilinear relat·onship (see F· g . 7) 
presumably because of inhibition of th e full resonance 
capabilities of each substituent and the increased 
importance of otherwise minor effects such as salvation 
and inductive effects (i . e . 11 field 11 ef f ects ; cf . Swa in 
and Lupton, 1968) . However the tentative straight lines 
indicate clearly the trend of resul t s . The more 
satisfactory rectilinear relationsh i p in the series 
(III-62, R=Me)(see Fig.8) may be due simply to the lack 
of sufficient data; however the trend of th e results is 
again apparent. 
No quantitative relationship eme r ged between rates 
and the field or the resonance component of the 
substituent effect (Swain and Lupton, 1968), thus 
suggesting incomplete isolation of the phenyl and 
pyrimidine systems (parallel to findings from ultraviolet 
spectra and ionisation data) . Thus some resonance 
effect is transmitted even though conjugation between 
substituent and reaction centre is far from complete 
(~. Exner, 1963) . 
Th d · t EA' Ast , AHt and AGt ermo ynam,c parame ers Ll Ll Ll were 
calculated (see Table 6) in ord er t o assess the 
dependence of rate on entha lpy and entropy changes and 
the extent to which the simi larity of rates was due t o 
compensation between these two terms . Howeve r within 
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imino-1-methyl-5-phenylpyrimidines. 
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Figure 8. Plots of log(rate constant) against 
substituent value for the rearrangement 
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Table 6 
Approximate kinetic paramete rs a 
Compounds + ~s ( e u) 
1~2-dihydro-2-imino-1-methylpyrimidine 
6-methyl 6 2 . 5 , 15 -26 92, 22 
5-methoxy 6 2. 5, 15 -26 92, 22 
5-(bromo, chloro or iodo)b 79.5 ±0 . 5, 19 +1±0.4 71 ±1, 
5-bromo-1-ethyl 7 9 . 5 , 19 -1 75, 18 
unsubstituted 105, 25 +4 96, 23 
4,6-dimethylc 117, 28 +15 96, 23 
5-bromo-4,6-dimethyl 83.5, 20 -7 9 2, 22 
4,6-dimethyl-
5-p-substituted-phenyl 79.5 ±0 . 5, 19 -15 . 5 96 ±1, 
5-P-substituted-phenyl 96 ±1 . 5, 23 -7 . 5 105 ±2, 
a For ring-fission reaction; spreads given where a series 
is involved; approximate values in ·kca l . in italics . 
b Calculated from data of Pitman (1965) . 
c Calculated from rather inadequate data of Brown and 
Harper ( 1963). 
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17 
23 
25 
each set of results there is no difference (allowing for 
experimental error) and hence little information could 
be gained . 
Comparisons between series, however, are interesting 
(see Tables 5,6). Thus the lower rate f or rearrangement 
of the imino-5-phenylpyrimidines than for simple imines 
can be related to the negative entropy term (-8 eu and 
ca +1 eu) and hence to increased orientation requirements 
1n the intermediate. The slight ly faster rearrangement 
of the 4,6-dimethyl imines compared with their lower 
homologues, arises from lower energies of act iv at i on and 
in spite of a more negative entropy factor; the change 
in this term arising from greater ste ric crowding in 
the transition state. Increased ster ic requirements of 
the transition state, following replacement of the methyl 
group with ethyl in 1-alkyl-5-bromo-1,2-d ihydro-2-
iminopyrimidine, was reflected in a negative entropy 
factor and was probably responsible for the resulting 
rate decrease . 
In all examples the free energy of activation (6G+), 
which is a compos it e of both entropy and enthalpy, was 
related more directly to the rate of react i on . 
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Inadequate as the data are, an attempt at rationalis-
ation in terms of a reaction mechanism is desirable . 
The mechanism proposed by Perrin and Pitman (1965b) 
provides the basis of this rationalisation. The fact 
that ionisation constants and substitue nt effects are 
inter-related whereas rate constants and substituent 
effects are not so obviously related, suggests a marked 
change in the structure of the rearranging species . 
According to the postulated rearrangement mechanism, 
the reacting species is a carbinolamine; and further, 
the reaction monitored in the spectrometric technique 
is almost certainly the ring opening of that 
carbinolamine. The overall rate of rearrangement is 
in fact a composite of the rates of ring opening (which 
includes the rate of adduct formation), two rates of 
ring closure and in some cases a rate of by-p r oduct 
formation Hence the rate pa rameter refers to the 
reaction (see Scheme 2) 
carbinolamine 
(water adduct) 
-----1•• guan i dino-aldehyde 
(stab e intermediate) 
This being so, a suggested structure for the activated 
complex to which the thermodynamic parameters refer, 
is the "water-bridged" adduct (III-65). Such a 
structure as this would be very suscept i ble to molecula 
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Scheme 2 
~N 
~N~NH 
I 
Me 
i-:iNH2 
1 , Me H H 
'O .. .. ., 
I 
H 
ll-65 
9 4 
..., r.N ~ I 
0 N~NH 
' 2 
Me 
overcrowding. Steric stra in, caused fo example by 
increasing the bulk of the ~(1)-alkyl group, or by adding 
alkyl groups to the 4- and/or 6-pos it·ons, or by adding a 
phenyl ring at f (5), would be relieved by either ring 
opening to the stable gua ni dino-a l dehyde or by regression 
to the carbinolamine . Howeve r for the r ea cti on t o 
proceed and measurements to be taken the complex and 
subsequently the stable intermediate must form . The 
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requirements of orientation and spatial geometry and the 
accompanying molecular overcrowding, pa rticularly in the 
ring opening of imi nes of 4,6 - dimethy l-5-phenylpyrimidines, 
are reflected in negative entropy t erms . The foregoing 
rationalisation is credible if the expe rimental ly 
determined reaction rate is i dentica l (or nearly so) 
with the actual rate of r in g open ing. This assumption 
1s disc ussed further at the end of his section o 
(ii) The rearrangement of 1,2-dihydro-2 -
imino-5-methoxy-1-methylpyr imidine 
First order rate constants and thermodynamic parameters 
for the rear angement of 1,2-dihydro-2 -imino-5 -me thoxy-
1-methylpyrimidin e (III-66, R=MeO) appea ·n Tables 
5 and 6. (See also Fig.9). 
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The rate of rearrangement (t 1 ca 53 min. at 25°, pH 14) ~ -
is greater than that of the unsubstituted paren imine 
(III-66, R=H; t 1 114 min . ) and indeed is compa r able with ~ 
that of the 5-halogeno imines (III-66, R=Cl, Br, or I; 
Perrin and Pitman, 1965b) . This inductive attraction 
of electrons from the reaction site is consistent with 
a positive _s_i~g_m_am -value (+ 0.115) allocated to the 
substituent, and contrasts with elect r on-release that 
is evident from the increase in basic strength of the 
methoxy imine (pK 11.4) compared with the parent 
-a 
(pfa 10.8). The lower rate of rearrangement of the 
5-£-methoxyphenyl derivative (III-66, R=Ph0Me) compared 
with the 5-phenyl imine (III-66, R=Ph) also indicates 
electron-release by the methoxy substituent, which has 
been allocated a sigma£ -value of -0 . 265 (Jaffe, 1953). 
This duality is consistent with the f i nding that in the 
quinazoline series the rate of rearrangement was enhanced 
by a methoxy substituent positioned so ,hat its inductive 
capability might be realised (Brown and England, 1968). 
The energy of activation for the reaction is lower 
than for the rearrangement of the parent imine (see 
Table 6) consistent with the increased rate; no 
explanation of the negative entropy factor can be 
proposed. 
..---..... 
8 8 
cc 
I I 
1 · 6 
1 · 4 
1 · 2 
1 · 0 
0·8 
0 0·6 
..e_s, 
C) 
0 
_, 
0•4 
0·2 
• 
• 
9 7 
40° • 
• 
20° 
50 100 150 200 250 300 
Time (minutes) 
Figure 9. Rates of change in optical density 
of 1,2-dihydro-2-imino-5-methoxy-
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(iii) The rearrangement of 1,2-dihydro-2-imino-
l,6(and 1,4)-dimethylpyrimidines 
The significance of the preparation and rearrangement 
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of the previously unknown and relatively simple imine, 
l,2-dihydro-2-imino-1,6-dimethylpyrimidine (III-67), is 
related to the exceptionally slow rearrangement of the 
1,4-dimethyl isomer (III-68) (Brown and Paddon-Row, 1967b) . 
The rate of rearrangement of the ortho is omer (III-67) 
was measured at 20°, 30°, and 40° by the spectrometric 
method previously outlined (see Fig.10) . The first-
order rate constants, half-life values , and thermodynamic 
parameters are in Tables 5 and 6 . 
Rearrangement was more rapid than anticipated from 
the known electron-releasing capability of the substituent. 
However, rate enhancement can be interpreted as an 
expression of steric assistance to the ring opening 
reaction. A high degree of crowding in the transition 
state is suggested by the large negative entropy term; 
the numerical value in fact suggests even more crowding 
than in the transition state of the 1,2-dihydro-2-
imino-4,6-dimethyl-5-phenylpyr imidines. The energy of 
activation is lower and hence the rate of eaction 
higher for this imine than in either of he 
5-phenylpyrimidine series . 
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R 
ll-66 
Me 
~N ~N 
Me NANH N,,,l NH 
\ I 
Me Me 
ill-67 m- 6a 
10 1 
Th.e extreme dispari yin the rea range me n r a es of 
he ortho (tl ca 20 min o a 25°) and t e a r a (t i >310 mino) 
- 72 - 72 
im1nes, together with the fact tha the or ho i m1ne 
earranges mo e rapidly than either the unsubs ituted 
parent imine (III - 66, R=H; t 1 114 mine at 25°) o its 72 
4,6-dimethyl homologue (t 1 166 min o), suggests tha 72 
compensation between two oppos ing effec s operates to 
p 'oduce an apparently normal rate of reaction for 
1,2-d . hydro-2- "mino-1,4,6-trimethylpyrimidine and 
5-substituted derivatives [cf . 5-ethyl-1,2-dihydro-
2-·mino-l-me hy pyrimidine (tl 196 mino at 25°)]. 
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Thus rearrangement is retarded by a 4-methyl group 
(due n par a least to its electronic chara cte r ) 
ad facil·tated by a 6-methyl group (due to molecula r 
overcrowding in the transition state) o Precise 
knowledge of he r ea rangement rate o the para i somer 
(III-68) is, however, precluded by he high pr opo r t i on 
of by-p oduct o med . 
Rat · onal · satio of Rates and Mechanism 
Ra iona isat · on of observed rates in terms of a single 
mecha sm s dependen upon the validity of wo 
assumptions . One is the planar or near-planar 
configuration of the pyrimidine imine, o more correctly, 
of its water adduct . Some support for this assumption 
is the recent report that the ~-methy l group in the 
bi sulphite adduct was more nearly equa torial than axial, 
at least in the solid state (Pitman, 1970) . The second 
assumption is that various of the reaction and 
equilibrium rates are negligible, i . e . make no 
s · gn "ficant con ribution to the observed rate constant o 
Representing the Dimroth Rearrangement as follows:-
.!s.1 ,., 
B 
' k 
- -1 
~2 C 
D 
The rate of disappearance of (A . H20) is a compos·te of 
the rates ~l' t _1 and t 2 (if no by-produ ct forms, ~3 
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is neglig i ble), and the observed rate k can be expressed 
-o 
k t1 t2 = 
-o k + t2 
--1 
Now k will be equivalent to, or approach, t1' only if -o 
~ _ 1 i s v e r y s ma l l c om p a re d w i th ~2 . That is, the 
observed rate is the same as the rate of ring opening 
of the carbinolamine if the tendency to reclose to the 
103 
heteroaromati comp ound is much grea e than the tendency 
to reclose to the imine o 
These condit ons could be satisf ied by elect on-
withdrawing subs ,tuents o In the ideal hypothe ical 
circumstance hat it exerts no steri c in luence, such a 
subs ituen wou1d facilit ate ring c eavage (~1), and 
inhibit closu e to the ·somer C (t2 ) less han reclosure 
(t 4 ) . Elec ran-release by a subst ituent would "nhibit 
c eavage (~1), and c osure (~2 and ~-l) also; formation 
of by-p oduct (D) would thus be encouragedo 
It is clear that the rearrangement pathway involves 
complex equi ibria and reversible steps and the present 
technique does not a low more than a semi quantitative 
app a1sal of ate and thermodynamic parameters o 
Compound a 
5- phe>i_, lr :J r il"lidi>l e 
2-amino- (C) 
2-ami no- f -amino ( D) 
[-,-bromo ( C) 
r -chloro ( C) 
p -dimethylamino ( C) 
p -fluoro ( C) 
p -methoxy ( C) 
p -methyl ( C) 
p -ni tro ( C) 
2-methylamino- (C) 
2-methylamino- p -amino (C) 
1 -bromo (C) 
r -chloro (C) 
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Table 7 
Proton maonetic resonance spectra 
Chemical Snift b 
tl H 2 : 4 . 7 ; Ph : 2 . 6 6 ; 4 - H + 6 - H : l . 4 8 
tl H 2 : 4 . 0 ; C 6 H 4 : 2 . 5 6 ; 4 - H + 6 - H : l . 4 8 
trne: 6.89(d); Ph: 2.50; 4-H + 6-H: 1.38 
NMe: 6.98(d); NH 2 : 6.6; NH: 4.6; C6H4 : 3 . 21, 2.73(A 28 2 ); 
4-H + 6-H: 1.58 
NMe: 6.92(d); C6H4 : 2.64, 2.44(A 2B2 ); 4-11 + 6-H: 1.51 
NMe : 6.94(d); C6H4 : 2.63; 4-H + 6-H: 1.51 
r -dimethylamino (C) NMe 2 : 6.98; NMe : 6.90; c6H4 : 3.13, 2.57(A 2B2 ); 4-H + 6-H : 1 . 39 
r -fluoro (C) NMe: 6.93(d); C6H4 : 2.88, 2 . 5l(A 2B2 ); 4-H + 6-H : 1.46 
- r1 e th o x y ( D ) 
· - methyl (C) 
; -nitro (C) 
2-methylsulphonyl- (C) 
2-methylsulphonyl- ; -bromo (C) 
, -chloro (C) 
i -diethylamino (C) 
r -fluoro (C) 
, - metho·xy (C) 
r - methyl (C) 
; -ni tro (C) 
2-methylthio- (C) 
2-methylthio- • -bro mo (C) 
-chloro (C) 
-dimethylamino (C) 
;. -fluoro (C) 
Table 7 continued (page 2) 
NMe: 7.ll(d}; 0Me: 6 .20; C6 H4 : 2.92 , 2. 54(A 2 B2 ) 
4-H + 6-H: 1 . 38 
~e : 7.64; NMe: 6.92(d}; c6 H4 : 2.75, 2.66(A 2 B2 ) 
4-H + 6-H: 1.43 
S0 2Me: 6.41; Ph: 2. 40; 4-H + 6-H: 0.90 
10 5 
NMe 2 : 6.94; S0 2Me: 6.62; c6 H4 : 3 .08, 2 .43(A 2B2 } ; 
4-H + 6-H: 0.90 
S0 2 Me : 6.62; 0Me : 6. 12; C6H4 : 2.90 , 2.44(A 2 B2 ); 
4-H + 6-H: 0.91 
Me: 7.60; S0 2 Me: 6.65; C6 H4 : 2.62, 2.52(A 2B2 ); 
4-H + 6-H: 0.93 
SMe: 7.42; Ph: 2.54; 4-H + 6- H: 1.29 
5 e: 7 . 40; C6 H4 : 2.53; 4-H + 6-H : 1.31 
5 e : 7.41; , Me2: 7 .0 1; C6H4: 3.17, 2.60(AzBz}; 
4-H + 6-H: 1.28 
5 i· e : 7 . 4 1 ; C 6 H 4 : 2 . 8 5 , 2 . 4 3 ( A 2 B 2 ) ; 4 - H + 6 - H : 1 . 2 6 
p -me thoxy ( C) 
p -methyl (C) 
2-mercapto- (D} 
2-mercapto- p -bromo (C) 
p- chloro (D) 
p -dimethylamino (A) 
p -fluoro (D) 
p- methoxy (D) 
p -methyl (D) 
Table 7 continued {page 3) 
SMe : 7.40; 0Me: 6.14; C6H4: 2.92, 2.54 (A2B2); 
4-H + 6-H: 1.27 
Ph: 2.60; 4-H + 6-H : 1.39 
10 6 
1, 2-dihydr o- 1- methyl - 5-phenylpy r imidine h ydriodide 
2-imino (D) 
2-imino-p-amino (D) 
p -bromo (D) 
p -chloro (D) 
p -dimethylamino (D) 
p -fluoro (D) 
p -methoxy (D) 
p-methyl (D) 
NMe : 6.16; Ph: 2.3(m); 6-H : 0.93(d}; 4-H : 0.66 
NMe: 6.18; C6H4 : 3.29, 2.52(A 28 2 }; 6-H : l.16(d); 4-H : 0.82(d} 
NMe : 6 . 18; c6 H4 : 2.35, 2.08(A 2 B2 ); 6-H : 0.9l(d}; 4-H : 0.68(d) 
NMe: 6.12; C6H4 : 2.32, 2.ll(A 2B2 }; 6-H : 0.88(d); 4-H: 0 . 70 ( d} 
NMe 2 : 6 . 98; NMe: 6.18; c6 H4 : 2 . 47, 2.18(A 2B2 ); 
6-H : 0.88(d); 4-H: 0.68(d) 
NMe: 6 . 16; C6H4 : 2 . 48, 2 . 20(A 2B2 ); 6-H: 0.94(d); 4-H: 0.68(d) 
NMe: 6.20; 0Me: 6 . 20; C6H4 : 2 . 84, 2.27 (A 2B2 ); 6-H: l.0l(d); 
4-H : 0 . 70(d) 
Me: 7.62; NMe: 6.11; C6H4 : 2.60, 2.25(A 2B2 ); 6-H : 0.90(d}; 
4-H: 0.68(d) 
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Table 7 continued (page 4) 
p -nitro (D) NMe : 6.12; C6H4: 1.88, l.62(A2B2); 6-H : 0.75(d); 4-H : 0.60(d) 
2-oxo- p -chloro (D) NMe : 6.18; C6H4: 2 . 33, 2.13(A2B2); 4-H + 6-H: 0.35 
p -fluoro (D) 
p -nitro (D) NMe: 6 . 22; C6H4 : 1.98, l.58(A2B2); 4-H + 6-H : 0.30 
c ( D) NMe : 6.16; C6H4 : 1.82, l.58(A2B2); 4-H + 6-H: 0.14 
4, 6- dimethyl-5 - phenylpy r imidine 
2-amino- (D) 
2-amino- p -amino (D) 
p -dimethylamino (C) 
( A) 
m-nitro (D) 
p -nitro (D) 
2-chloro-p -nitro (C) 
2-hydroxy- p -nitro (D) 
2-methylamino- (C) 
2-methylamino- p -amino (C) 
2-methylamino- p -nitro (D) 
2-methylsulphonyl- (C) 
2-methylthio- (C) 
4-Me + 6-Me: 7.56; NH 2 : 5.6(br); Ph: 2. 5(br) 
4-Me + 6-Me: 8 . 00; 6'-H: 3.4l(m); 4 ' -H + 5'-H: 2 .2 0(m); 
2'-H: 1.85 
4-Me + 6-Me : 7.84 ; NMe : 6 . 94(d); NH: 4.4(br); Ph : 2.6(m) 
4-Me + 6-Me: 7 . 88; NMe: 6.98(d); NH2: 6 .0( br); NH: 4 .5(br); 
C6H4 : 3 . 18, 3.07(A2B2) 
4- Me + 6-Me : 7.82; NMe: 6.90(d); C6H4 : 2 .28 , l.67 (A2B2) 
4- Me + 6-Me: 7 . 76; S02 Me: 6.43; Ph: 2.5(m) 
4-Me + 6-Me: 7 . 80; SMe : 7 . 40; Ph : 2.6(m) 
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Table 7 continued (page 5 ) 
2-mercapto- (C) 4-Me + 6-Me: 7.86; Ph: 2.5(rn) 
l , 2- dihydro - 2- imino - 1, 4 , 6- trimethyipyrimidine hydr iodide 
5-phenyl (A) 4,6-Me 2 : 7.80, 7.68; NMe: 6.25; Ph : 2.5(m) 
5- p -aminophenyl (0) 
5- p -nitrophenyl (0) 
5- methoxypyrimidine 
2-aminod (C) 0Me: 6.24; NH 2 : 4.2(br); 4-H + 6-H: 1.78 
2-amino-4-chloro (0) NHz: 3.l(br); 4-H + 6-H: 1.71 
2-amino-4-hydroxy (D) 0Me: 6.32; 6-H: 2.29 
4-chloro-2-methylsulphonyl (C) 0Me: 6.67; S0zMe: 5.84; 6-H: 1.43 
4-chloro-2-methylthio (C) SMe: 7.49; OMe: 6 . 20; 6-H: 2.01 
4-hydroxy-2-methylthio (D) SMe: 7.55; 0Me: 6.27; 6-H: 2.45 
2-methylamino (C) NMe: 7.02; 0Me: 6.19; 4-H + 6-H: 1.84 
1, 2-dihydro - 2- imino - l - methyipyrimidine hydr iodide 
unsubstituted (A) 
5-bromo (A) 
5-chloro (A) 
5-ethyl (A) 
5-methoxy (A) 
4-chloro-6-methyl ( A) 
NMe : 6.06; 5-H: 2.72(q, J 7 a nd 5); 
0 
6-H: l.44(q, J
0
7, Jm 2); 4-H : l.04(q, J
0
5, Jm 2) 
N Me : 6 . 10 ; 6 - H : 1 . 2 3 ( d , J 3) ; 4 - H : 1 . 0 2 ( d , J 3) 
m m 
NMe : 6.10; 6-H: l.28(d, J 3); 4- H: l.06(d, J 3) 
m m 
CH3: 8.75(t, J 8); CHz : 7.32(q, J 8); NMe: 6.11; 
6-H : 1.66(d, J 3); 4-H : 1.17(d, J 3) 
m m 
OMe: 6.18; NMe: 6.07; 6-H: 1. 06(d, J 3 ); 4-H: 1.27 ( d, , 3) m ,. 
CMe: 7 . 36; NMe : 6 .2 4; 5-H : 2.80 
4- methy l (A) 
( D) 
6-methyl (D) 
( A) 
PJ r imi d ine 
2-amino (A) 
2-amino-5-bromo (A) 
5-chloro (A) 
5-nitro (A) 
5-bromo-2-methylamino (C) 
2-methylamino (C) 
p'!J r i d ine 
3,5-diphenyl (C) 
3,5-bis( p -dimethylaminophenyl) (C) 
3,5-di (1 -methoxyphenyl) (C) 
3 , 5- di - p - to l y l ( C ) 
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Table 7 continued (page 6) 
CMe: 7.38; NMe: 6.10; 5-H: 2.82(d, J 7); 6-H: 1.64(d, J l) 
CMe: 7.63; NMe: 6.21; 5-H: 3.08(d, J l); 6-H: l.99(d, J 7) 
CMe: 7.42; NMe: 6.37; 5-H: 2.66(d, J 7); 4-H: l.36(d, J 7) 
CMe: 7.09; NMe: 6.08; 5-H: l.90(d, J l); 4-H: 0.74(d, J 7) 
5-H: 2.70(t, J 5); 4-H + 6-H: l.14(d, J 5) 
0 0 
4-H + 6-H: 1.10 
4-H + 6-H: 1.26 
4-H + 6-H: 0.86 
NMe: 7.25(d); NH: 2.6; 4-H + 6-H: 1.58 
NMe: 6.99(d); NH: 4.2; 5-H: 3.46(t, J 5); 
0 
4-H + 6-H: l.66(d, J 5) 
0 
(Ph)2: 2 . 48{m); 4-H: l.96(t, J 2); 2-H + 6-H: l.17(d, J 2 ) 
m m 
(NMe 2 ) 2 : 6.98; (c 6 H4 ) 2 : 3. 15, 2.42(A 2 B2 ); 
4-H : 2.02(t, ,! 2); 2-H + 6-H: 1.26(d, J 2) 
m m 
(0Me)2: 6.11; (C5H4)2: 2.90, 2.43(A2B2); 
4 - H : 1 . 4 6 ( t , ,, 2 ) ; 2 - H + 6 - H : 1 . 0 2 ( d , J 2 ) 
~ m 
(M e) 2 : 7.60; (c 6 H4 ) 2 : 2.68, 2.4l(A 2B2 ); 
4-H: l.94(t, J 2); 2-H + 6-H: 1.18(d, J 2) 
m m 
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Table 7 continued (page 7) 
miscell aneous 
4,6-dimethyl-2- p -nitrophenyldiazoaminopyrimidine (C) 4-Me + 6-Me: 7.49; 5-H: 3.12; 
di-5-phenylpyrimidin-2-yl disulphide (D) (Ph) 2 : 2.53; (4-H + 6-H) 2 : 1.20 
3-phenylacetylacetone (borofluoride complex) (C) (C-Me) 2 : 7 .89 ; Ph: 2.6(m) 
Footnotes 
a 
b 
C 
d 
Solvent in brackets: (A), 2N-DCl: (C), CDC1 3 ; (D), (CD 3 ) 2SO. 
Relative to an internal reference: tetramethylsilane in CDC1 3 , 
sodium 3-trimethylsilylpropane sulphonate in DCl and (CD 3 ) 2so. 
Singlet peaks unless otherwise indicated. Multiple peaks indicated by 
d(doublet), t(triplet), q(quartet), m(multiplet). Broad absorption 
indicated by (br). J values in cycles/second. 
doublets for Me in NHMe groups have J S; doublets for 4 - or 6-H have J 4. m 
1,2-Dihydro-l-methyl-5-p -nitrophenyl-2-oxopyrimidine hydriodide di-iodide. 
Crude sample (see text). 
Table 8 
Ionisation constants and Ultraviolet absorption spectra 
Compound 
5-phenyZpyrimidine 
2-amino-
2-amino-p-amino 
p -bromo 
p -chloro 
p-dimethylamino 
p -fluoro 
p-methoxy 
p -methyl 
p-ni tro 
2-methylamino-
pK a 
a 
3.34 +0 ,05 
(29')) 
4.21, 2.63 d 
( 290) 
3.06 ±0.03 
( 29 5) 
3.14 ±0.04 
(300) 
4 . 67, 2.48d 
( 29 5) 
3.25+0.05 
(285) 
3.32 ±0.03 
(360) 
3.32 ±0.04 
(345) 
2.70 +0.03 
( 3 50) 
3.42 ±0.03 
( 290) 
A b ( l 09 £) 
max 
312(3 . 46) , 261(4.32) 
329(3.42), 256(4.37) 
273(4.40) 
324(3.53), 255(4.40) 
279(4.35), 290(4 . 32) 
315(3.30), 267(4.27) 
325(3 .30), 263(4 . 30) 
320(3 . 29) , 265(4.29) 
327(3.31), 261(4.31) 
286(4.42) 
325(3.54), 259(4.41) 
297(4.38) 
314(3.03), 2.57(3.87) 
330(3.03), 253(3.89) 
320(3. 36) , 265(4.39) 
346(3.26), 268(4.37) 
311 (3.31) , 263(4.27) 
335(3.26), 261(4.27) 
347(4 . 03) , 323(4.17), 
345(3 . 69) , 307(4.19), 
322(3.46), 269(4.42) 
341(3 . 41), 271(4.41) 
322(3.47), 271(4.42) 
111 
pH C 
7 
7 
0 
E 
7 
7 
7 
0 
E 
7 
7 
7 
232( 4 . 11) 7 
230(4.09) 0 
7 
E 
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Table 8 continued {page 2) 
2-methylamino-p -amino 4. 2 5, 2.99d 345(3.24), 278(4.42) 7 
( 260) 332(3 . 41), 261(4.41) 0 
p -bromo 3.17 ±0.03 330(3.30), 274(4.23) 7 
(300) 340(3.31), 267(4.27) 
p -chloro 3.26 ±0.04 325(3 . 41) , 273(4.41) 7 
(300) 340(3.37), 261(4.39) 
p -dimethylamino 4.72, 2.82d 350(3 . 09) , 289(4.41) 7 
(300) 343(3.45), 262(4.41) 0 
315(4 . 37) , 297(4.48) E 
p -fluoro 3.39 ±0.05 325(3.43), 262(4.41) 7 
( 29 3) 343(3.45), 259(4.42) 
323(3.43), 269(4.42) E 
p-methoxy 3.54 ±0.04 324(3.41), 273(4.49) 7 
( 355) 347(3.34), 272(4.44) 
320(3.41), 274(4.49) E 
p -methyl 3.59 ±0.05 320(3.37), 270(4.35) 7 
(300) 346(3.32), 264(4.35) 
p -ni tro 2.81 ±0.03 342(4.05), 243 ( 4 .0 0 ) 7 
(300) 347(3 . 81) , 311 ( 4 .09 ), 236 ( 3 .9 8 ) 0 
344 ( 4 . 30), 246 ( 4 . 12 ) E 
1, 2- dihyd r o - 2- imino - 1- methyZ - 5 - phenyZpy r imidine 
unsubstituted 10 . 75 :+: 0 . 05 366 ( 3 . 19), 273 ( 4.33 ) 13 
( 288) 325( 3 . 36), 256 ( 4 . 31 ) 8 
p -amino 10 . 97 +0 . 05 382 ( 3 . 18 ) , 279 ( 4 . 34 ) 13 
( 32 5 ) 358 ( 3 . 30 ) , 286 ( 4 .2 6 ) 8 
3.41 +0.0 3 323( 3 . 48 ) , 255 ( 4 . 40) 
( 2 90) 
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Table 8 continued (page 3) 
p -bromo 10 . 45 +0.03 366(3.03), 277(4.33) 13 
(325) 327(3.33), 267(4.32) 8 
r -chloro 10.45 +0.01 365(2.94), 277(4.18) 13 
(300) 325(3.28), 264(4.21) 8 
r -dimethylamino 11.26 • 0.05 283(4.36), 352(3.03) 13 
(300) 321(3.35), 261(4.27) 8 
3 . 19 +0.05 324(3.51), 258(4.41) 
(260) 
f -fluoro 10.62 .t 0.04 367(3.15), 268(4.29) 13 
( 29 3) 327(3.34), 257(4.26) 7 
l -methoxy 10.88 ±0.04 372(3.27), 273(4.42) 13 
(320) 350(3 .30) , 272(4.36) 8 
F -methyl 10.82 +0.05 368(3.40), 273(4.50) 13 
( 290) 338(3.43), 262(4.44) 8 
f -nitro 10.05 +0.05 350(4.09), 253(4 .15 ) 13 
(355) 306(4.11) 8 
4 , 6 - dimethyl - 5 - phenulpyrimidine 
2-amino 4.91 +0.03 293(3.59), 235(4.15) 7 
( 315) 305(3.74), 231(4.23) 2 
2-amino- ;; -amino 5. 12, 3. 71 d 295(3 . 71) , 235(4.24) 8 
(255) 304(3.75), 231(4.26) 
1 -dimethylamino 5. 31 , 3.86d 300(3.75) , 257(4.24), 226(4.22) 8 
(2 60) 304(3. 75), 231(4.27) 
p -nitro 4 .5 4 ±0.03 345(3 . 42) , 290(4.11), 226(4.22) 8 
( 265) 289(4 .12), 224(4 . 27) 
l" -ni tro 4.47 ±0.05 285(3 . 94) , 234(4. 18) 8 
(305) 297(3.90), 275(3.94), 229(4.30) 
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Table 8 continued {pa ge 4) 
2-methylamino 5 . 12 +0.04 306 ( 3.54), 244(4.21) 8 
( 3 2 5) 316(3.69), 237(4.30) 2 
2-methylamino- r -amino 5 . 29, 3. 77d 31 0 (3 . 5?) , 246(4.30) 8 
( 2 60) 317(3.68), 238(4 . 31) 
; -nitro 4.41 •0 . 04 350(3 . 52) , 298(4.01), 239(4.25) 8 
(295) 315(3 . 98) , 276(4.04), 231(4.30) 
l , 2- dih~d r ~- 2- imino - 5- phenyl - 1,4, 6 - t r ime t hylpy r imidine 
unsubstituted 11.48 •0.02 343(3.54), 247(4 . 27) 14 
(250) 305(3.74), 228(4.44) 8 
r -amino 11.71±0.05 344(3.42), 249( 4 .35) 14 
3.64 • 0.04 300(3 . 76) 8 
( 260) 306(3.74) 
r -ni tro 11.03 ±0.04 350(3 . 70) , 320(3.94), 270(4 . 05) 14 
( 295) 3 10(3 . 94) , 276(4.08) 8 
1, 2- dihyd r o - 2- imino - l - methylpJ r imidine 
5-methoxy 11.44 ±0.04 368(3.40), 250(4 . 08) 14 
(250) 336(3.60) 8 
6-methyl 10.86 +0.05 340(3 . 47), 229(4.30) 13 
(300) 302(3.71), 223(4.32) 8 
2-methyla mino-5-methoxypyrimidine 3.44 +0.06 336(3.37), 238(4.15) 6 
( 2 30) 361(3.73), 236(4 . 13) 
4-amino-4'-nitrobiphenyl 3 . 86 ±0 . 02 364(4.10), 243(3.98) 6 
(305) 305(4.11) 0 
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Table 8 continued (page 5) 
Footnotes. 
a easured spectrometrically at 20° at concentrations below 10 - 4 · 
b 
C 
d 
in buffers (Perrin, 1963b) of 10- 211 ionic stren gth, usin g 
methods outlined by Albert and Serjeant (1962); thermodyna mic 
corrections were not applied. 
parentheses. 
In nm.; inflections in italics. 
Analytical wavelengths are in 
Aqueous buffers of 10- 2M ionic strength (Perrin, 1963b); 
E = ethanol. 
Calculated with the aid of a computer programme 
(H. Kinns and 0.0. Perrin, personal communication). 
IV 
THE DIMROTH REARRANGEMENT OF 6-IMINOPYRIMIDINES 
1. Introduction 
Almost all the work on Dimroth rearrangement in the 
pyrimid·ne series has been confined to derivatives of 
1,2-dihydro-2-·mino-l-methylpyrimidine (IV - 1) . 
Corresponding derivatives of the 4-iminopyrimidine 
(IV-2) are almost unknown because quaternization of 
a simple 4-aminopyrimidine (IV-3) nearly always occurs 
at N-1 thereby precluding rearrangement of the resulting 
imine (eog. IV-7). The only appropriate 4-imino-
pyrimidines hitherto available for rearrangement were 
a few, e . g (IV-4) derived from 4,6-diaminopyrimidines 
(where the entering alkyl group is necessarily adjacent 
to one of the amino groups) (Curd and Richa r dson, 1955; 
Carr · ngton et al . , 1955; Brown and Jacobsen, 1960; 
Brown and Harpe , 1965) and a few, e . g . (IV-6, R=OMe), 
in wh·ch another substituent has exerted a competing 
directive influence during quaterniza ion (Brown and 
Teite · , 1963, 965a) . 
In the fol ow g pages s reported a synthesis of 
the long-sought parent 4-iminopyrimidine (IV-2) and 
the a e of its rearrangement; together with o her 
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approaches to the same imine which re ea 1ed , among oth e r 
th · ngs, two new facets of the Whitehead sy nth esi s. 
2 . The Synthesis, Characteristics and Rearrangement 
of 1,6-Dihydro-6-imino-1-methylpyrimidine 
(i) The preparation and reactions of intermediates 
and of the 6-iminopyrimidine 
[Detailed preparative procedures are given in 
the experimental section, page 174 et~. ] 
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The synthesis of 1,6-dihydro-6-imino-l-methylpyrimidine 
was first approached from 4-amino-6-substituted-
pyrimidines which were reported to methylate on the r i ng-
nitrogen adjacent to the amino group and which bore 
potentially removable substituents. A second approach 
was based upon the synthesis of 3-methyl-2-thiocytosine; 
desulphurisation would furnish the required im i ne . 
This approach revealed some interesting aspects of the 
Whitehead and Traverso method for the primary synthesis 
of 3-methylpyrimidines, but it was unsatisfactory as 
far as the main objective was concerned. The third 
(and successful) approach began with 3-methyl - 2,4 -
dithiouracil . However the key compound in the synthesis 
of the 6-iminopyr1mid1ne was 2,4-bismethylthiopyr i midine -
3-methiodide which proved to be a very rea ctive salt and 
N-1 
N-3 
NH 2 NH 
1/ N 
/Me 
\ 
N 
~ JJ d 
R N R N 
N-5 N-6 
R 
R 
N-2 
NH 
I w" d N 
N-4 
NH 
\ N )J 
N 
' Me 
N-7 
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Me 
unlike the 3-methyl-dithiouracil underwent pre erential 
aminolysis at t he 4-position . 
Approaches from 4-Ami no-6-substituted - pyrim idin es 
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The 4-aminopyrimidines (IV-5, R=Cl , OMe, or SMe) are 
all reported (Brown and Teitei, 1963, 1965a) to methyl ate, 
at least in part, on ~-3; removal of the extraneo us 
group from each of the products (IV-6, R=Cl, OMe, or SMe) 
would give the required imine (IV-6, R=H) . The 
methylation reactions were repeated and t he products were 
examined by p.m.r. spectra, an aid unava ilable for the 
original study. 
(~) 4-Amino-6-chloropyrimidine (IV-5, R=Cl) gave a 
mixture of the isomers (IV-6 and 7, R=Cl) wh ich was 
inseparable but did give some isolable 4-ch loro-6-
methylaminopyrimidine [as reported (Brown and Teitei, 
1963, 1965a)] on rearrangement in base; dechlorination 
(Zn/HI) of the mixed chloro-imines affo rded only the 
unwanted imine (IV-7, R=H) as hydriodide (62%) (Brown 
~ tl· , 1955c) although its isomer (IV- 6, R=H) was 
clearly visible in the p .m. r . spectrum of th e crude 
produc t. 
(£) Methy ation of the methoxypyrimidine (IV-5, R=OMe) 
gave only the correct isomer (IV-7, R=OM e) but attempts 
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to remove the methoxy group (hyd razino l ys "s/silver oxide) 
were unsuccessful (cf. Biffin et al . , 1967). 
(~) The thioether (IV-5, R=SMe) r eadi ly gave two 
products as descr i bed (Brown and Te itei , 1963 , 1965a): 
the first was the imine (IV-7, R=SMe) but the secon d 
(m.p . 184-186°) proved to be an inseparable mixture of 
both imines (IV-6 and 7, R=SMe) from wh ic h desulphu r-
ization gave an equally inseparable mixture of the 
imines (IV-6 and 7, R=H). 
Approaches via Whitehead Syntheses 
The methylated thiocytosine (IV-10) would yield the 
required imine on desulphurization with Ra ney nickel . 
Attempts to prepare this substrate were made by 
Whitehead primary syntheses . 
(~) 5-Carboxy-3-methylcytosine (Ka tritzky and Waring, 
1963) (IV-8) underwent decarbo xylation in vacuo 
(Whitehead and Trave so, 1955; Brown, 1955a) without 
rearrangement (Katritzky and Wa ring, 1963) to give 
3-methylcytosine (IV-9), but all attem pts at 
2-thiation by phosphorus pentasulphide failed o 
yield the thiocytosine (IV-10). 
(~) The condensation of ethyl ethoxymethylenecyano-
acetate with ~-methylthiourea in ethanolic sodium 
ethoxide at room t empe rature gave not only the amino 
ester (IV-11), as r eco r ded by Wh i ehead and raverso 
(1956), but also a second pr oduc t which pro ved to be the 
nitrile (IV-14). When the condensation was done a 
70-80°, the nitri e predominated o Both produ cts 
gave 5-carboxy-3-methyl-2-th i ou racil (IV-13) on vig or ous 
alkaline hydrolysis, thus confirming the structure of 
the nitrile. In contrast mild alkaline hydrolysis of 
the amino-ester (IV-11) gave the amino-acid (IV-12), 
but this failed to decarboxylate to the thiocyt os ine 
(IV-10) under a variety of conditions . 
(~) In view of the above failu re, a dire ct Whitehead 
synthesis of 3-methyl-2-thiocytos ine (IV-10) was 
attempted by condensation of e th oxyme thyleneacetonitrile 
with ~-methylthiou r ea (see Scheme 3) . Against all 
precedent the product proved to be the known (Chatamra 
and Jones, 1963) isomer (IV-15) of that required; this 
was confirmed by desulphurization to the imine (IV-16) 
and by treatment with chloroacet ic ac i d to give 
1-methylcytosine (IV-17) (Chatam ra and Jones, 1963) 0 
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122 
IY-1 0 
NH2 
HOOC 1/ N,.,Me 
~ 
::--.N~ S 
IY-12 
0 
HOOC .,.Me 
I N ..... 
N~S 
I 
H 
nr-13 
Scheme 3 
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Syntheses via 3-methyldithiouracil 
The readily available (Brown, 1959) 3-methyldithio-
uracil (IV-18) appeared to be a likely start·ng material 
for the thiocytosine (IV-20) or its i-methyl derivative 
(IV-22) each of which could furnish the required imine 
on desulphurisation. 
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(~) Unlike di thiouracil, which undergoes preferential 
aminolysis at the 4-position to give thiocytosine (Elion 
and Hitchings, 1947), 3-methyldithiou racil (IV-18) with 
ethanolic ammonia gave at least five products and with 
aqueous ammonia it gave only 3-methylisocytosine (IV-19) 
instead of the expected methylated thiocytosine (IV-20). 
(b) In a similar way, 3-methyldi thiouracil (IV-18) 
reacted with methyl iodide/aqueous sodium hydroxide 
(1 mol each) to give not the 4- but the 2-i-methyl 
derivative (IV-22), identical with the product from 
thiation of the known (Brown et al . , 1955b) 
oxopyrimidine (IV-21). [Thiation of the analogous 
pyrimidine (IV-24) gave its 4-thio-ana l ogue . ] The 
thiopyrimidine (IV-22) underwent acid hyd olys is o 
3-methyluracil (IV-23~ aminolysis to the known (Brown 
and Teitei, 1965b) aminopyrimidine (IV-26), and 
alkaline hydrolysis to 3-methyl-4-thiou r acil (IV-25), 
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identical in properties with that prepa ed by another 
route (Ueda and Fox, 1963) . This was remethylated to 
give the hioether (IV-27) which on hiat ion fu nished 
a separable mixture of 3-methyl-4-th "ouracil (IV-28) 
as the maJor product and the 2-thiopyr i midine (IV-29) 
as the minor product . Am · nolysis of the latter on a 
very small scale (using ethanol ic ammonia) gave a crude 
sample of the 3-methylated thiocytos ine (IV-30) which 
was desulphurized by Raney nickel in the presence of 
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ammonium chloride. After purificat ion by chromatography 
on alumina, the imine (IV-31) was identified with 
analysed material from (£) below by ultraviolet spectra; 
rearrangement to 4-methylaminopyrimidine by alkali was 
observed on paper chromatograms. 
(£) on stirring the above methylthio-th i opyrimidine 
in methyl ·odide, 2,4-bisme hylthiopyrimid in e-3-
methiodide (IV-32) resulted (see Scheme 4). Repetition 
in the presence of aqueous sodium hydro i de gave the 
known oxopyrimidine (IV-35), wh"ch was obtained a l so by 
treating 3-methyldithiourac · l with me hyl iodide/aqueous 
sodium hydrox·cte (both in excess) or by he act i on of 
alkali on the meth"odide (IV-32) . This o opy rim" di ne 
(IV-35) was confirmed in structure by ami olysis to 
3-methylisocytos ine (IV-34) (Brown and Jacobsen 1962) 
N-27 
NH 
~ /Me ~ .. J ...... ~--
N 
N-31 
127 
s (,w_Me 
N~O 
&-28 
+ 
SMe 
N-30 
which also r esu ed fr om di ect ami nol ys is of 3-methyl-
dithiou aci . 
12 8 
The meth i odide (IV-32) unde rwent preferential 
amino l ysis of i s 4-me hylthio g oup at room temperature 
to gi ve the i mi ne (IV-36) as its hydriodide o The 
liberated base pr oved remarkably stable in cold alkali 
but in hot alkali it gave 3-me thylu acil instea d of 
rearranging as expe cted. The po tential product (IV-40) 
from such rea rran gement was pr epa red by 1-methylation of 
the correspondi ng mercaptopyr i mi dine (IV-39); any excess 
of methyl iodide quickly caused addit i onal ~-methylation 
to yield the methylimine (IV-38), isomeric with that 
(IV-34) (see Scheme 4) produced in excellent yield 
within two minutes from the meth1od ide (IV-32) and 
ice-cold ethanolic methylamine [at higher temperatures, 
methylaminolys ·s of both methylthio groups gave the 
methylamino -methy l imin e (IV-33)]. 
Desulphurizat · on of the hydr i odide of he me hyl hio-
imine by Raney ick el , which had been washed free from 
traces of water ad alka i with anhyd r ou etha nol, ga ve 
the paren imi ne (IV - 42) as its hyd · odide . When 
unwashed n ·c e l was used or boil " g wasp ol onged, the 
product was mainly the corresponding o opyr1midine 
(IV-41) (Brow ~ .9.l., 1955b) . Th 0 s pro bably a r ose 
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from hyd o ys is of the stating materia l to its oxo-
analogue (IV-43) fol owed by desulphuriza ion, be cause 
the imine (IV-42) rearranged in alkali to 4-methyl-
aminopyrimidine (Winkelmann, 1927; Brown and Short, 1953) 
(IV-44) without any trace of the oxopy r i midine. 
(ii) Ionisa ion constants and p.m or . spect a 
The ~-quinonoid imine (IV-46) proved to be a weake r 
base (pK 10.0) than its n-qui nonoid isomer (IV-47: 
-a ~ 
pfa 12.2) or the corresponding 2-imine (IV-48: pfa 10.75; 
Brown et al . , 1955c) . Sim "larly, he 2-methyl hio 
derivative (IV-49: pfa 9 o9) was weake r than its 
~-quinonoid isomers (IV-50: pK 11; Brown and Teitei, 
-a 
1963, 1965a; and IV-51: pK >12. 5; Brown and Jacobsen, 
-a 
1962). The slight base-weaken in g effec of the 
2-methylthio group, evident in comparing the above pK 
-a 
values for the imines (IV-46 or -49) is rather less 
than that observed for the corresponding amines (IV-52, 
R=H or SMe: pK 5.7 and 4.9 respec i vely ) , p obably 
-a 
because the basic centre is emoved fu ther from the 
thioether group in g (with its minus I and ze o M 
effects; Hine, 1962) in the imine (IV - 49) han in 
the amine (IV-52, R=SMe) o 
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The p .m.r. spe ctr a (se e Table 9) were used t o confi m 
structures . As ob served with 4-py ranone (J onas e t al ., 
1965), pr ogres si ve thiation of 3-methylu racil to 
3-methyl-4-thiouracil and 3-methyld ithi ou racil is 
accompan · ed by (~) a decrease in the diffe e nce be ween 
chemical shifts of the two a omat · c pr o ans, (b) a 
downfield displacement of the ave rag e of the sh·fts for 
the same protons , and (~) a dow nfi eld dis placement of 
the ~-methyl signal (ca 0 . 9T ove rall) . Similar 
differences ex i st between the spectra of 1,2- d "hydro-
1-methyl-6-methylthio-2-oxopy rimidine and its thio-
analogue. 
(iii) Rearrangement rates 
The parent imine (IV-46) underwen t Dimroth rearrange-
ment at pH 14 and 20° with a t 1 of 16 minutes, i . e " ~ 
twelve times faster than its isomer (IV-48) under 
similar cond iti ons (Pitman, 1965) . This confirms 
impressions, based on very meag r e ev · dence fr om th e 
rearrangemen t of 4-amino-1,2-d ihydro-6-imin o-1-
methylpyrim i dine and re ated compounds (cf . Brown 1968) 
that 4(6)- imino pyr · midines mi gh t rearr ange more easily 
than the cor r espond ing 2- · mines . On repea ing the 
rearrangeme nt of the pa ent imine (IV-46) at pH 12.2 
(i.e. only ca 2 units above the pfa), the 1 value ~ 
increased three-fold to 49 minutes ind i cat i ng that mild 
base catalysis was occurring at a pH above that required 
to liberate the imine from its cation (cf . Pi tman~ 1965; 
Perrin and Pitman, 1965; Brown and England, _1968) . 
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The failure of 1,6-dihydro-6-imino-1-methyl-2-methylthio-
pyrimidine (IV-49) to rearrange may be associated with 
difficulty of water addition to the N(l),Ct2)-bond on 
account of steric hin drance by the thioether group. 
When removed to C(4), the same group had no such effect: 
the crude isomeric imine (IV-50) rearranged normally 
(Brown and Teitei, 1963, 1965a) . It is probable that 
the rearrangement of the 4(6)- iminopyrimidine in 
aqueous alkali proceeds by water addition prior to 
bond fission, as does the rearrangement of the 2- i mino-
pyrimidines . The acyclic intermediate fo r med by 
N(l),C(2)-bond fission has the formamido-am i di ne 
structure (IV-53) [~. the guan · dino - aldehyde (IV-54) 
formed by N(l),C(6)-bond fission of the isomeric imine] . 
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Table 9 
Proton magnetic reso nance spectra 
Compound a 
4-a min o-5-carboxy-2,3-dihydro-3-methyl-2-thiopyrimidine 
4-a mino -1,2-dihydro-l- methyl-2-thiopyrimidine 
Che mic al Shift b 
NMe: 6.37; NH 2 : 3.l(br); 6-H: 1.61 
NMe: 6 . 34; Ar: 3.9l(d, J 7), 2.08(d , J 7); 
NH 2 : 2.4(br) 
4-amino-5-ethoxycarbonyl-2,3-dihydro-3-methyl-2-thiopyrimidine Me : 8.7::J(t, J 7); tJMe: 6 . 11 ; 
CH 2 : 5.65(q, J 7); 6-H : 1.48 
5-carbethoxy-3-meth y l-2-thiouracil 
5-cyano-3-methyl-2-thiouracil 
1,6-dihydro-6-imino-l-methyl-2-methylthiopyrimidine e 
C 
1,6-dihydro-6-imino-l-methylpyrimidine c,d 
1,4-dihydro-l- methyl-4-methylimino-2-methylthiopyrimidine 
1,6-dihydro-l-methyl-6-methylimino-2-methylthiopyrimidine c 
1,2-dihydro-l-methyl-6-methylthio-2-oxopyrimidine e 
1,6-dihydro-l-methyl-2-methylthio-6-oxopyrimidine e 
1,2-dihy dro-l-methyl-6-methylthio-2-thiopyrimidine e 
Me : 8. 75(t, ,/7) ; NMe: 6 . 44; 
CH 2 : 5.7l(q, J 7); 6-H: 1.90 
NMe : 6. 43; 6-H : 1.53; NH: 0. 15 (br) 
SMe : 7. 48; NMe : 6. 46; Ar: 3.94(d, J 6.5), 
2 . 72(d, J 6.5); NH 2 : 2.0( br) 
SMe : 7.3 7; NMe: 6.33; 
Ar : 3.0 9(d, J 7), l.67(d, J 7) 
NMe : 6 . 03; Ar : 2.57(d, J 8), l.5l(d, J 8); 
2- H: 0.92 
SM e: 7.28; NHMe 9 : 6.84 {d, J 5); 
NMe : 6.06; Ar : 2.6 3 (d , J 7), l . 45(d, J 7) 
SMe : 7 .30 ; NMe: 6.90; NMe: 6.26; 
Ar: 2.88(d, J 6), l.5l( d, J 6) 
SMe : 7 . 41; NMe: 6.35; 
Ar: 3.76(d, J 6), l.57(d, J 6) 
SMe : 7.40; NMe: 6.46; 
Ar : 3.74(d, J 6), 2.15(d, J 6) 
SMe: 7.38; NMe: 5.94; 
Ar: 2.70(d, J 6), 2.32(d , (5) 
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Table 9 continued (page 2) 
1,6-dihydro-l-methyl-2-methylthio-6-thiooyrimidine e 
1,6-dihydro-l-methyl-6-oxopyrimidine e 
4-methylamino-2-methyl thiopyrimidine e 
1-methyl-?,6-bismethylthiopyrimidine c 
3-methyldi thiouraci 1 
3-methylisocytosine f 
3-methyl-4-thiouracil 
3-methyluracil 
a In (C0 3 ) 2so unless otherwise indicated. 
SMe: 7.37; NMe: 5.97; 
Ar: 2.7l(d, J 6), 2 . 33(d, J 6) 
NMe: 6.46; Ar: 3.44(d, J 6), 2.00(d, J 6); 
2-H: 1.74 
SMe: 7.47; NMe: 7.0(d, J 5); NH: 4.5(br); 
Ar: 3.86(d, J 6), l.86(d, J 6) 
(SMe)2: 7.18, 7.07; NMe: 5.99; 
Ar: 2.06(d, J 6), 0.96(d, ,/ 6) 
NMe: 5.92; Ar: 3.12(d , J 8), 2.64{d, J 8) 
NMe: 6.60; Ar: 3.98(d, J 6), 2.20(d, J 6) 
NMe: 6.37; Ar: 3.48(d, J 7), 2.58(d, J 7) 
N Me : 6. 81 ; 5 -H : 4 . 2 4 ( q , J 5 , 6 8 , J 1, 5 1 ) ; 
6-H: 2.40{q, J 5 , 68, J 1 , 66); NH : -l.3 (b r) 
b Singlet peaks unless specified. Multiple peaks are indicated by d (doublet), 
t ( triplet), q (quartet), br (broad). J values in cycles/second. 
4(6)-H and 5-H generally designated Ar without specific assignment. 
Chemical shifts relative to an internal reference : tetramethylsilane in CDC1 3 , 
sodium 3-trimethylsi lylpropane sulphonate in other solvents. 
c As hydriodide. 
d In 2N-0Cl/D 20. 
e In CDC1 3 . 
f In o2o. 
g Proton apparently added to extracyclic methylimino group in cation. 
137 
V 
DE TAILS OF PROCEDURES AND PREPARATI ONS 
1. The Spectrome t r i c Dete r min ati on of Rearran ge ment Rates 
An aqueous so l ution of each anal y tically pure imin e 
hydriodide was br ought to t he re qu ired temp erature in a 
1 cm . cell contained in the t he r mos t atted cel l-carrier 
of a spectrophotometer (Shimad zu RS 27). Each so luti on 
was of such a con centrat i on as wou l d give a su it ab l e 
optical density when mixed with an eq ua l volume of 
aqueous potassium hydroxide so luti on which itself was 
double that concent r ation r equi r ed t o give a so luti on 
of the required pH , i . e . 0.17M or 1. 8M po t assi um 
hydroxide to produce a f i nal pH va lue of 13 or 14. 
The specified volume of KOH, a t t he re qu ired temp e r ature, 
was added to the s o uti on in the cell from a syringe. 
At the exact ti me of add iti on of the alkali, clocks 
were started and s cannin g begu n. With the wavelength 
drum fixed a t an app r op r ia t e predeterm · ned wavelength, 
the change 1n op tic a l de ns ity was automatica ly traced 
onto readily calib r a t ed ch art s . The wavelength most 
suitable for fo ll owin g the disappearance of each imine 
during its rea rr ange ment wa s prede erm i ned by successive 
complete scans of th e sp ectra dur·ng the change . 
The rate of change of op tical den si y was ob ained 
( Do-0 00 ) • ( by plotting l og O _000 agains t time see Figures 
5,6,9 and 10) . Fr om the slope of the graph the firs -
order rate constant (~) was de t e rmined: 
. -1 k = slope x 2 . 303 min . 
The half-time for disappearan ce was calculated: 
t ln 2 . 
i = k min . ~ 
The temperature was monitored with a thermometer 
immersed in water contained in a similar cell in an 
adjacent compartment of the cell-ca rrier. The 
temperature of the cell-carriers (reference and sample) 
was controlled by water flow produced by a Coolnics 
Circulator (CTE-1B). A water r ese rvoir between the 
circulator and the s pec tropho ome ter containe d a 
contact thermometer wh ich was connec ed to the 
Coolnics Cont r ol (CTR-1B) and enabled cont ol of the 
temperature by closer than 0 . 2° af e i itial 
stabilisat i on . Th e value of opt ical density recoded 
about 24 hours af ter ·nitiat · on of th e rearrangement 
was taken as th e 11 infinity 11 va ue. 
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Sources of E rors 
Temperature: A rise of 10° p odu ced a 3-fold (app r ox.) 
increase in rate, hence an er ror of 0 .1 ° coul d produ ce 
an error of about 3% in rate . 
Time: The procedure adopted involves a negligibl e 
error in time differences . 
pH of Medium: In view of the very s li ght e ff ect 
produced by an increase in alkalin ity from pH 13 to 14, 
i.e. greater than 10-fold in KOH conce n rati on, the 
errors introduced in dilution and standard i sation of 
the alkaline solution were considered t o be un i mportant . 
Optical Density (assuming no instrument errors): 
Values read from the chart were cons i dered accurate t o 
0.2 division i.e. 0.5 %. The effect of such an error 
on the slope of the graph can be rea dily assessed and 
the errors in the correspond i ng rate con stants and 
half-life calculated. Thu s the e or in t 1 ~ 1. 7% 72 
and in k ~ 1.7% 
On the basis of the above cons i dera tions it was 
considered that the r ate pa rameters ( 1 and 15_) were ~ 
accurate to within 5%. 
Reproducib ility: Exper imen ts wee found to be 
reproducible withi 2% i . e . well w·th1n he imit of 
accuracy es tim ate d above . 
Thermodynamic Pa amete rs 
The Ar hen i us ac ti vat i on ene rgy was obtained from the 
plot of og k versus T- 1. The slope of the resulting 
stra · ght lie is equa to E/2 o303R . (R=lo987 ca o/ deg . ) . 
Enthalpy (6H ) and en tr opy (6S ) of ac i ation were 
calculated using t he following equat i o s 
log k - 10 . 753 - log T + E/ 4 . 576T 
(Multiplication by 4 . 184 converts ca lories to the SI 
unit, joules) 
The relat i ve error of 5% in t he measu r ement of th e 
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rate constant resulted in abso l ute er o -1 of 800 cal .mole 
(~ 3 . 4 kJ) 
an error 1 n 
activat i on 
by 2.8 eu . 
in the Arrhenius ac t · vation energy (E) and 
6H+ of the same amount . The entropy of 
(6S+) based on these values is uncertain 
First-orde r rate consta nts for the rate o rearrange-
ment of 1,6-dihydro-6-imino-1-me hylpy i m"dine were 
calcu late d with the aid of a compute p og r amme deve oped 
by Dr D. D. Pe rrin and Mr J . Hoski s* . Gi en the · ni ia 
* Persona l commu ication 
optical dens · ty value and the value a 11 infin·ty 11 , 
together wit h opt ica l dens ity values at no ed imes, 
successive values of the rate constant and the exten of 
the react · on are -c alculated " The pr og r amme p ovi des an 
average value of the rate paramete r , and the standard 
deviation. The time for half -rea ct·on is also 
calculated. Two dete r mina t·ons a r e includ ed he re 
(see page 142). Half-l i fe values a r e in good ag r eeme nt 
with those cal cul ated by the alte rna ive me hod (a bo ve), 
e . g. 16 . 25 and 15.9 min. at pH 14; 16.0 and 15.7 min . 
by graphical mea ns . 
2. Physical Measu r ements 
Ionisation constants: The ionisation constants were 
measured spectrometrically at 20° and at concentrations 
below 10- 4M in buffers (Perrin, 1963b) of I0- 2M ionic 
strength ac cor ding to the procedure ou lined by Al be r 
and Serjeant (1962); th e rm ody nam·c co r ect ·ons were 
not applied . 
Ultraviolet spectra: Spec tra were recorded on a 
Perkin-Elmer Spe ct acord (model 4000), o a Unicam 
S. P.800 recoding spe tropho ometer; ma ma (wavelength 
and optica density) were checked on an 0p t·ca CF4 
manual instrument . 
ra e dete m·nat·o s. 
A sh·madzu RS 27 was used · n the 
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Computer print-out for the calculation of 
rate constants for the rearrangement of 
1,6-dihydro-6-imino-1-methylpyrimidine at 
305 nm and pH 14 (upper data) and pH 12. 2 
(lower data). 
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Proton magne t·c esona nc e spec a: Porn. ·. spectra were 
recorded a 60 Mc ./ sec o and 33 05° on a Perk · n- Elme r RlO 
spectromete r ope r a ed by Mr S. E. B own o Solvents and 
interna l s anda r ds are gi ven i n the ab 1es o 
Mass spec r a: Mo l ecular we i gh t and e r · · cation of 
structure was obta in ed from mass spe ctral da a . Spectra 
were recorded on an MS9 instrument by courte sy of 
Dr J.K . Macleod, Resea rc h Schoo of Chemist Yo 
3 . General Data 
Micro-ana l ys es were carried ou t by Dr JoEo Fildes and 
staff of the Micro-analyt·cal Se ction in th e Depa ment 
of Medical Chemistry o 
Sample pu rity was checked by as cending pape r 
chromatography using as so lv en ts bu anol/ace · c acid-5N 
(30:70) and aqueou s ammon ium chlor · de (3%) . 
Chroma t og rams were exam in ed under ul ra io e ligh of 
wavelength 254 nm and 365 nm o Choma og aph1c 
separations were carr i ed ou t with alum · n um oxide (B.D . H. 
Laboratory Reage nt - for Chromatog aphic Adso p i on 
Analysis) . 
A Un icam SP200 Spe ctrome te was used to ob a·n 
infrared spec a (KBr disc or Nujol mull). 
Melting po ints , the primary criteria of purity for 
most compounds, are uncorrected . 
4J Deta ' ls of Preparations 
[Names of new compounds are underlined at hei r 
·rst ment·on; names which a e paragraph headings 
a e also underl · ned . ] 
2-Amino-5-p- oly pyrimidine .- A mixture of ~-tolyl-
aceton ti e (35 . 1 g) and ethyl formate (22 . 2 g) was 
added during 1 h o a stirred suspension of sodium chips 
(6 . 9 g) in ether (500 ml) . After s i r in g or 2 days 
the solid was i tered off, and resuspended 1n wa er o 
Acid . f1ca · on to pH 1 converted he sal into free 
a-formyl deriva ive which was hydrogena ed at 80 - 90° 
J44 
and 3 amine hanol (250 ml) over Raney nickel (10 g) o 
Evaporat on ga e 3- "mino-2-£-tolylp op ·on aldehyde (35%), 
m P o 130° (from benzene)(cf. Brown and Lee, 1970; 
129 31°) . 
he above a dehyde (12 . 0 g), th "ou ea (6 ~0 g) , 
ethano (150 m ), and 10~-hydroch1oric acid (12 , 0 ml) 
were hea ed under reflux for 2 h . Refr1gerat1on gave 
2-mercapto-5-p- o ylpyrimidine (38%), m. p o 249° (from 
me ho ye hanol) (Found: C ' 65 o2; H ' 4 . 9 . Cl1Hl0N2S 
. 
C' 65.3; H ' 5 00%) . The me captan (4 9 g) ' equ res 
N-sodium 
-
hydrox · de (25 ml ) , and methyl iodide ( 4 0 5 g) 
~ 
were shaken at 25° for 90 min . Evaporation of a 
chloroform ex r ac gave 2-methy thio-5-p-tolylpyr m"d1ne 
82 %) , mop . 106° ( ro m ethanol)(Found : C, 66 3; H, 5 05; 
N, 12 . 9 0 c12 H12 N2s requires C, 66 065; H, 5 06; 
N, 13.0%) . A solution of m-chlorope roxybenzoi acid 
(£a 75 %; 10 . 3 g) in chloroform (220 ml) was added slowly 
at 5-1 0° to he above sulphide (3 . 25 g ) ·n ch oroform 
(25 m ) . Af e r 12 h the mixture was shake n · n turn 
ll5 
w th saturated aqueous sodium sulph ite (100 ml), ~-sodium 
-
ca bona e (100 ml), and water (100 ml) . Removal of the 
chloroform gave 2- methylsulphonyl-5 - p- o ylpyrimid in~ 
(87%), m. p . 186° (from ethano l )(Found: C, 58 . 2; H, 4 06; 
N, 11 . 250 
N, 11 . 3%) . 
The su phone (0 . 5 g) and ethanol ic ammon1c (ca 10%; 
7. 0 ml) were hea ed in a sealed tube at 90° for 2 h . 
Re rigeration gave 2-amino-5-p-tolylpyrimid ine (92%), 
m. p. 196° (from e ha no )(Found: C, 71 . 8; H, 5 . 7; 
N, 22 . 9 . c11 H11 N3 requires C, 71.3; H, 6 . 0; N, 22 7%) . 
2-Methylam ·n o 5- p-tolylpyrimidine . - (a) The above 
am · nopyrim d · ne (0 . 2 g) and methyl iodide (0 . 2 g) were 
heated ·n a sealed tube a t 130° for 3 h . The resulting 
1,2-d . hydro -2-im·no l-methyl-5-p-tolylpyrimidine hyd iodide 
.l 46 
(65%) had m. p. 261° (from ethanol)(Fo und: C, 44 4; 
H, 4 . 4; N, 12 . 6 . c12 H14 rN 3 require s C, 44 ~05; H, 4 u3; 
N, 12 . 8%) . The hydriodide (0 . 1 g) and ~-potass ·um 
-
hydroxide (10 ml) were stirred for 12 hat 25° . 
Evaporation of a chloroform extract gave the methylamino -
PY r i m i d i n e ( 8 1 % ) , m . p . 16 4 ° ( f r o m e t h a n o 1 ) ( F o u n d : C , 7 2 6 5 ; 
H, 6 . 35; N, 2l o4o 
N, 21 . 1%) . 
(b) 2-Me hylsulphonyl-5-~-tolylpy imidine reac ed 
with ethanolic me hylamine (as with ammo nia above) to 
give the 2- methylaminopyrimidine (90%), identified by 
mixed m. p . 
2-Amino 5- phenylpyrimidine .- By analogy with the route 
to the tolyl analogue above, purified a-formylbenzyl 
cyan'de was hydrogenated to 3-imino -2-phenylpropion-
a dehyde (70%; ff . a method (Russell and Hi ch1ngs, 1951) 
needing 3 days) . This was converted sequentially in o 
2-mercapto-5-phenylpyrimidine (30 %), m.p . 225-227° 
( Ry l s k . ~ tl. , 19 5 9 ; 2 L 5 - 2 Z 8 o ) ( F o u n d : C , 6 3 . 7 ; H , 4 . 0 ; 
N, 4 . 9 . Ca c. for c10 H8N2S: C, 63 . 8; H, 4 , 3; 
N, 14 . 9%); 2-methyl hio-5-_Ehenylpyrimidine (82%), mp . 96 ° 
(f om ethane )(Found: C, 65 . 5; H, 5.3; N, 13.7. 
c11 H10N2S requires C, 65.3; H, 5.0; N, 13 . 9%); 
2-Methylsulphonyl-5-phenylpyrimidine (72%), m. p o 178° 
(Found: C, 5606; H, 4.45; N, 12 .3. cllHlON202S 
requires C, 56.4; H, 4 03; N, 12 . 0%); and 2-amino-
5-phenylpyrimidine (91%), m. p . 158° (P rotopopova tl tlu, 
1959; 161-163°)(Found: C, 70 . 1; H, 5.5; N, 24 05 . 
Cale . fo c 10 H9N3: C, 70 . 15; H, 5 . 3; N, 24 . 55%) c 
Ql-5-phenylpyrimidin-2-tl disulphide . - (a) Potass ium 
nit ate (0 . 22 g) was added during 30 min to a stirred 
mixtu e of 2-mercapto-5-phenylpyrimidi ne (0.37 g) ·n 
50% sulphu 1c acid (12 ml) at 20-25° . After a further 
hour, ice was added and the pH adjusted to 4-5 0 The 
disulph "de (73%) had m.p. 207° (from etha nol)(Found: 
C, 64 . 5; H, 3 . 95; N, 1409. c20 H14 N4S requ ires 
C, 64 . 2; H, 3 . 8; N, 15 . 0%). 
tb) A mix ure of 2-mercaptopyrimidine (0 . 2 g), 
N- sodium hyd oxide (10 ml), ~-potass i um i od ide (10 ml), 
and iodine (0 . 3 g) was shaken for 1 h . The inso uble 
product (58 %) was identified with the above disulphide 
by mixed m. p. 
2-Methy am, o-5-phenylpyrimidine .- 2-Amino-5 -phenyl-
PY im "dine (0 . 2 g), dimethyl sulphate (0 . 5 ml), and 
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nit obenzene (20 ml) were refluxed for 2 h . The cooled 
m· tu e was extracted with an equal volume of wate . 
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Sodium io di de was added to the ex ract and re igeration 
gave 1,2 di hydro - 2 imino-1-methyl -5-phenylpy imidine 
hydri od i de (62%), m. p . 262° (f rom e thanol)(Found: C, 42ol; 
H, 3 . 9; N, 13 . 5 . c11 H12 rN 3 requ ires C, 42 o4; H, 3 c8, 
N, 13 . 4%) . Rearranged as it s tolyl homo logue, his gave 
2-methy am · no-5-phenylpyrimidine (74%), mopo 24° 
(F ound: C, 71 . 7; H, 5 . 9; N, 22 . 4 . c11H11N3 equ ·res 
C, 71 . 3; H, 6 . 0; N, 22 . 7%), wh ic h was also made (95%) 
by methylaminolys is of the correspondi ng sulphone " 
2-Amino-5-p-nitrophenylpyrimidine . - (a) Potass ·· um 
nit ate (0 . 12 g) was added during 10 mi n to a stir ed 
solution of 2-amino-5-phenylpyrimidine (O e17 g) in cone . 
sul phuric acid (5 ml) at 35-40° . The mix ure was 
warmed to 60° fo 3 min, cooled, and pou red onto crushed 
iceo Af t er neut r alisation with ammo nia a <10° the 
2-am · no-5-p-ni ro phenylpyrimidine (80%), moP o 262°, wa 
· te ed of and purif i ed by dissolut ion in acid and 
reprecipitat · on with ammonia (Found: C, 55 "6; H, 306; 
N, 26 .2. 
(b) Potassium n, r ate (0 . 5 g) was added slowly to 
2-methylsulphonyl- 5- phenylpy rimidine (1 . 0 g) 1n conc o 
sulph uric acid (10 ml) at <10° . 
at 20-25°, the mixture was treated as above to give 
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2-methylsul pho ny -5- p-nitropheny lpyrimid "ne (82%), m P o 
223 225° (from et hanol)(Found: C, 47 . 0; H, 3. 5; N, 14 8 
c11 H9N3o4s requires C, 47 . 3; H, 3.L5; N, 5 . 05% )0 
This sulphone (0 . 17 g) was stirred in saturated etha no1i c 
ammonia (20 ml) at 25° for 1 h . Evapora tion to dryn ess 
and purification as above gave the amino -5-nitrophenyl-
pyrimi din e in 98% yield. 
2-Methylamino-5-p-nitrophenylpyrimidine .- (a) Am ino-
lysi s of the sulphone as above, but us ing ethanol ic 
methylamine, gave the methylaminonitrophe nylpyrimidine 
(87 %) . Recrystallised from ethanol or isobutyl methyl 
keton e, it had m. p . 195° (Found: C ' 5 7 . 1; H , 4 C 4; 
N , 24.5. CllH10N402 requires C ' 57 . 4; H' 4. 4; 
N , 24 . 3%) or m. p . 252° (Found: C ' 5 7. 5; H , 4 . 4 ; 
N ' 24 .3%). Th e lower-melting meta stable form was 
conve te d into th e stable form by see d "ng duri ng 
ec ystallisation, but not vice versa. 
easily 
(b) Nitration of 2-methylamino-5 -phenylpyrimidine , 
as for the 2-amino-homologue above, gave the same 
product (92 %), i de ntifie d by mixed m.p. 
(c) Th e reaction of 2-amino-5-~-nitrophe nylpyrimid ne 
with dime t hyl sulphate, as for the corresponding ph enyl-
pyrimi dine but with concentration of the mother liquors, 
gave eventually 1,2-dihydro-2-imino-l-methy l-5 p-
n· rophenyl py r imidine hydriodide (60%), mop. 253° (from 
me hanol)(Found: C, 37 . 20; H, 3 .3 ; N, 15.4. 
c
11
H11 rN 4o2 equ res C, 36.9; H, 3 .1 ; N, 5 . 6%). 
Rear r angement of a minute amount of the imine gave 
material identified by spectra and pape r chromatography 
as he methylaminonitrophenylpyrimidine. 
2-Amino-5-p-aminophenylpyrimidine .- Hydrogenation of 
a s uspension of 2-amino-5-~-nitrophenylpy imidine (0 , 6 g) 
in methanol (300 ml) over Raney nickel ga ve the diamine 
(7 5%), m. p. 176-178° (from water)(Found : C, 64o5; 
H, 5 . 4; N, 29 .7. c10 H10 N4 requires C, 64.5; H, 5.4; 
N, 30.1%). 
5-p-Aminophenyl-2-methylaminopyrimidine. -(a) Similar 
hydrogenation of 2-methylamino-5-~-nitroph enylpyr1midine 
gave its p-am ·n o-analogue (87%), m. p. 142° (after 
sublimation at 95°/0 . 2 mmHg)(Found: C, 65 . 7; H, 602; 
N, 28 . 2 . c11 H12 N4 requires C, 66 . 0; H, 6 .0; N, 28 .0%)0 
(b) l ,2 -Dihydro-2-i mino-1-methy l-5-~-ni ropheny -
py ·mi di ne (0.07 g), hydriodic acid (~ 0 .1 g), i on 
pow de r (0 . 2 g), fe rous sulphate (~ 0 . 01 g), and 
ethanol (7 ml) were stirred and heated under reflux for 
7 hand immediately filtered . The residue f rom e vapor-
ation of the filtrate was recrystall ised from ethano l 
ogive 5- p- aminophenyl - 1,2-dihydro-2 -i mino-1-me thyl-
~yrimidine hydriodide (91%), m.p. 251° (Fou nd: C, 4004; 
H, 4. 0; N, 16.8 . 
N, 17 . 1%). The same imine was obtained in 60 % yield by 
tre atment of 2-amino-5-~-aminophenylpyrimid ine with 
methyl iodide, as described for the ~-tolyl analogue . 
Rearrangement in alkali gave the same produc t as in (a), 
i dentified by chromatography and spectra. 
2-Amino-5-p-halogenophenylpyrimidines.- App r opriate 
£- halogenophenylacetonitriles were conve rted (as for 
th e tolyl-analogue) into the crude 2-~-halogenophenyl -
3-iminopropionaldehydes, and thence into 5-p -chloro-
ph enyl-2 - mercaptopyrimidine (40 %), m.p. 228° (from 
butan ol)(Found: C, 54 . 4; H, 3 . 2; N, 12.85 . 
c10H7ClN 2S requires C, 53.9; H, 3.2; N, 12.6 %); i s 
bromo-analogue (38 %), m.p . 243° (from methoxyethan ol) 
(F ound: C, 44.7; H, 2.5; N, 10.5 . c10 H7BrN 2s 
r equires C, 45 . 0; H, 2.6; N, 10 . 5%); and its fluo ro-
analog ue (31%), m.p. 226° (from butano l)(Found: 
C, 58 . 6; H, 3 .5 ; N, 13 . 3 . 
C, 58 .2 ; H, 3.4; N, 13.6 %). 
- 5 -
Methylation then gave: 5-p-chlorophenyl-2-
methylt hiopyrimidine (90%), m. p . 144° (from ethanol) 
(Found: C, 55.3; H, 3 . 6; N, 11 . 9 . c11 H9ClN 2S 
requires C, 55.8; H, 3 . 8; N, 11 . 8%); its bromo -
analogue (81%), m. p. 140° (after sublimati on at 
125°/0 . 3 mmHg)(Found: C, 46 . 8; H, 3.3; N, 9 . 9 0 
c11 H9BrN 2S requires C, 47.0; H, 3 . 2; N, 10.0%); 
and its fluoro-analogue (87%), m.p . 141° (from 
ethanol)(Found: C, 60.0; H, 4.2; N, 12 . 9 0 
c11 H9FN 2S requires C, 60.0; H, 4.1; N, 12 . 7%) . 
These were converted by oxidation with m-chlo r o-
perbenzoic acid into: 5-p-chlorophenyl-2-methyl -
sulphonylpyrimidine (90%), m. p. 228° (from ethanol) 
(Found: C, 49 . 3; H, 3.5; N, 10.2 . c11 H9ClN 2o2s 
requires C, 49.2; H, 3.4; N, 10 . 4%); its br omo -
ana ague (88%), m. p. 227° (from ethanol) (Found: 
C, 42 . 0; H, 3.0. c11 H9BrN 2o2s requires C, 42 . 2; 
H, 2 . 9%); and its fluoro-analogue (85 %), m. p . 229° 
(from ethanol)(Found: C, 52 .2; H, 3.8; N, 10 . 9 . 
c11 H9FN 2o2s equires C, 52.4; H, 3 . 7; N, 11 . 1%) . 
Optimal conditions for avoidance of by -products 1n 
he aminolysis of these sulphones were as fo llows: 
l5t 
ethanolic ammonia at 5-10° for 6 h gave 2-ami~.~-5-p-
chlorophenylpyrimidine (92%), m.p. 198° (from ethanol) 
(Found: C, 58.4; H, 3.9; N, 20.6. clOH8ClN3 
153 
requires C, 58.4; H, 3.9; N, 20.4%); ethanolic ammon i a 
at 10° for 1 hand then at 25° for 12 h gave the bromo -
analogue (95%), m.p. 206° (from ethano l) (Found: 
C, 47 08; H, 3 .4; N, 16.6. 
C, 48.0; H, 3 o2; N, 16.8%); and liquid ammonia in a 
sealed tube for 15 h gave the fluoro -analogue (>95%), 
m.p. 185-187° (from ethanol) (Found: C, 63 .3; H, 4 o2o 
c 10 H8FN 3 requires C, 63.4; H, 4.3%). 
5-p-Halogenophenyl-2-methylaminopyrimidineso- · 
(a) Each E_-halogenophenyl sulphone un'derwent methylam ino-
lys ·s as its tolyl analogue to give: 5-p-chloroph§Jltl- 2-
methy aminopyr·midine (>95%), m.p . 183° (from ethano l) 
Found: C, 60.4; H, 4.9. c 11 H10 c1N 3 requires 
C, 60 G1 5; H 4.6%); its bromo-analogue (94%). m. pv 198° 
(from ethanol) (Found: C, 49 . 8; H, 3.95; N, 15 _9 . 
c 11 H10 BrN 3 requires C, 50.0; H, 3 . 8; N, 15 . 9%); and 
its fl uoro-anal og_ue (>95%), m. p. 153° (f om e thanol) 
(Found: C, 65.1; H, 5.05; N, 21.0. c11 H10 FN 3 
requires C, 65.0; H, 5.0; N, 20 . 7%) . 
(b) Each 2-amino-5-£-halogenophe nylpyrimidine was 
heat ed with methyl iodide (10 parts) at 140° for 2 h 
to give respectively 5-p-chlorophenyl -1,2-dihyd ro- 2-
imino-1-methylpyrimidine hydriodide (40 %), mop. 217° 
(fr om methanol) (Found: C, 37 . 85; H, 3 . 2; N, 11 . 9 . 
c11 H11 ClIN 3 requires C, 38.0; H, 3 .2 ; N, 12 . 1%); 
its bromo-analogue (38%), m.p. 251° (from ethanol) 
(Found: C, 33.6; H, 2.8; N, 10.7 . c11H11BrIN3 
r equires C, 33.7; H, 2.8; N, 10.7%); and its 
fluoro-analogue (47%), m. p. 231° (from isopropanol) 
(Found: C, 40.1; H, 3.5. 
C, 39 . 9; H, 3 . 3%). 
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Each imine rearranged in alkal i to the corres ponding 
2-me thyl amino base, identified with the approp r iate 
product above by chromatography and mixed m. p . or sp ectra 
2-Amino-5-p-met hoxyphenylpyrimid ine. - As fo r the 
tolyl analogue, 3-imino-2-£-methoxyphenylpropiona dehyde 
was co nverted successively into: 2-mercapto - 5-p -
me hoxyphenylpyrimidine (ca 40 %), m.p. 218° (from 
propanol) (Found: C, 60 .8 ; H, 4.3. 
requires C, 60.5; H, 4.6%); 5-p-methoxypheny l - 2-
methylthiopyrimidine (63 %), m.p. 96-98° (from eth anol) 
(F ound: C, 62.1; H, 5.4; · N, 11.9. c12 H12 N20S 
req uires C, 62.0; H, 5.2; N ,12.1%); s .. p !!l tho~ 
phenyl-2 me h_tlsulphonylpyri_midinE:_ (91%), m. p . 182° 
(from ethanol) (Found: C, 54.4; H, 4.4. c12 H12 N2so 3 
requires c. 54.5; H, 4.6%); and 2-amino 5 p-
me hoxyphenylpyrimidin~ (89%), m.p . 182° (from ethanol) 
( ound : C, 65.6; H, 5.5; N, 20.5. c11 H11 N30 
requires C, 65.7; H, 5.5; N, 20.9%). 
5 p - Me t h o xy p h e n y 1 - 2 - me t h 1 am i n o r i m i d i n e • -
(a) Methylaminolysis of the above sulphone (90°/2 h) 
gave the methylaminopyrimidine (93%), m.po 126° ( rom 
ethanol) (Found: C, 67.3; H, 6,35; N, 19.7. 
c12 H13 N3o requires C, 67.0; H, 6.1; N, 19.5%) . 
.1 5 5 
(b) Treatment of 2-amino-5-~-methoxyphe nylpyrimid ine 
with methyl iodide (as for the ~-halogen ophenyl 
analogues) gave 1,2-dihydro-2-imino-5-p-_m~et_h_o_x ___ .,.__,~-
l-me hylplr~midine hydriodide (37%), m.p. 254° (from 
ethanol) ( ound: C, 42.0; H, 4.2; N, 12.1 . 
C, 42.0; H, 4. 1; N, 12 . 25%) , 
wh ch rearrang ed into the above me thylaminopyrim "dine 
( a 80%), iden ified by mixed m.p. 
.I 5 6 
2-Amino-5-p-d1methylaminophenylpyr i~Ldine.-
£-Aminophenylacetonitrile (32 g) in 2~-sodium hyd o ide 
(400 ml) was shaken vigorously at room temperature for 
20 min with methyl iodide (32 g) . Then an equal amount 
of me thyl iodide was added and shaking was continued for 
40 min . The solution was extracted with chloroform 
(200 ml) whereupon a solid began to deposit from the 
aqueous phase. Refrigeration and filtratio n gave 
p-trimethylammoniophenylacetonitrile iodide (26 g), 
m. p. 170° (from ethanol) (Found: C, 44.2; H, 5 .2; 
N, 9 . 3. 
N, 9 . 3%). 
c11 H15 rN 2 requires C, 43 .7; H, 5.0; 
Evaporation of the chloro form extra ct gave 
£-dimethylam·nophenylacetonitrile (ca 20 g ) which 
proved difficult to purify . It was bette r obtained 
from the above quaternary amine: the iodide (15 g), 
silver acetate (10 g), and water (200 ml) were shaken 
for 2 h . 
dryness . 
The filtered solution was evaporated to 
The r esidue was boiled for 3 h unde r reflux 
i benzene (400 ml) containing aceton itrile (10 ml) e 
Evaporation gave the dimethylamino comp ound (85%), 
mp. 49-50° (Borovicka, 1955; 49-51°) . Demethylat1on 
also occu red under alkaline conditio ns: refluxing the 
1o dide (3 . 0 g) in ethanolic sodium etho xi de (from 0 23 g 
sodium and 15 ml ethanol) for 50 min; evapo ration, and 
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extraction with ether, gave the dimethylamino derivati ve 
(37%); when sodium hydroxide in 95% ethanol was used 
similarly, the product was mainly p-dimethylaminopheD,Yl -
acetamide (72%), m.p. 172° (from ethyl acetate) (Founu: 
C, 67.7; H, 8.1; N, 15.6 . 
C, 67 . 4; H, 7.9; N, 1507%). 
~-Dimethylaminophenylacetonitrile was converted 
into 2-~-dimethylaminophenyl-3-iminopropiona ldehyde 
and thence by the usual route into: 5-p-dime thylamino-
phenyl-2-mercaptopyrimidine (40%), m.p. 212 -215° 
(from propanol) (Found: C, 62.0; H, 5.7; N, 17.9. 
c12 H13 N3S requires C, 62.3; H, 5.7; N, 18.2%); 
the 2-methylthio-analogue (78%), m.p. 144° (from 
ethanol) (Found: C, 64.0; H, 6.4; N, 16.9. 
c13 H15 N3S requires C, 63.7; H, 6.2; N, 17.1%); 
and the 2-methylsulphonyl analogue (45 %), m.pft 191° 
(from ethanol) (Found: C, 56.2; H, 5.6; N, 15.1. 
C13 H15 N3o2s requires C, 56.3; H, 5.45; N, 15.2%). 
The sulphone (0 .5 g) was stirred magnetically in liquid 
ammonia (10 ml) within a sealed tube for 15 hat 
ca 25° . Evaporation gave 2-amino-5-p-dimeth~lamino-
phenylpyrimidine (>95 %), m.p. 193° (from ethanol) 
(Found: C, 66 .6; H, 6.8; 
require s C, 67 .2 5; H, 6 6; 
N. 26.1. c12 H14 N4 
N, 26.15%). 
5-p-Qimethy aminophenyl-2-methylam inopy imidine ~-
(a) Methylamino ysis of the above sul pho ne (as or he 
olyl analogue) gave the methylaminopyrimidine (>95%) , 
m. p . 196° (from ethanol) (Found: C, 68 .2; H, 7 . 5; 
N, 24 . 1. 
N, 24 05%) . 
(b) Trea ment of the above 2-amino compound with 
methyl iodide (as for the ~-halogenopheny l analogues) 
gave 5-p-dimethylaminophenyl-1,2-dihyd r o-2 -i mino-l-
methylpyrimidine hydriodide (44%), mop. 251° (from 
ethanol) (found: C, 43o3; H, 406; N, 15.9 . 
c13 H17 IN 4 requires C, 43.8; H, 4 08; N, 15 07%) . 
Rear r angemen gave the above methylamino base, 
iden ified by hr omatography and spectra . 
5-(p-Substituted-phenyl)-1,2-dihydro-1 -methyl-2-
oxopy ri mid "nes.- The methylation of crude samples of 
2-amino-5-(£-substituted-phenyl)pyrimidines gave not 
only the imines described above but also the 
co r esponding oxopyrimidines . 
When 2-amino-5-£-nitrophenylpyrimidine containing 
some of the 2-hydroxy-analogue was heated at 140° 
w·th methyl i odide t wo by-products we r e obtained: 
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red-brown meth.ano -insoluble crystals of 1,2-dihydro- 1-
methy -5-p-n·trophenyl-2-oxopyrimidinium t fodide 
m. p. 219° (from isopropanol) (Found: C, 21 . 7; H, 1 . 8; 
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N, 6 . 85%); and the corresponding methanol -sol uble yellow 
mono · od · de, mop . 234° (from aqueous ethanol) (Found: 
C ' 36 . 9; H ' 2 . 9 5; N , 1 1 . 3 . CllHlOIN303 requires 
C , 36 0 8; H ' 2 . 8; N , 11 . 7%) . The 1 at te r iodide was 
· dentified (mixed m. p . ; infra-red spectra) with 
material made from the known base (Brown and Lee, 1970) . 
Aminolysis of 5-~-chlorophenyl-2-methylsu lphonyl-
pyrimidine by warm ethanolic ammonia gave the 2-amino-
contaminated with the 2-ethoxy-analogue . Methyl a ti on 
of the crude material as above gave 5-~-chlorophenyl-
1,2-dihydro-1-methyl-2-oxopyrimidine hyd riodide as a 
by-product a ising from the ethoxy compound by a 
Hilbert - Johnson reaction . It had m. p o 269° (from 
methoxyethanol) (Found: C, 37 .6; H, 3 . 0; N, 8 ol. 
c11 H10 ClIN 2o requires C, 37 . 9; H, 2.5; N, 8.0 %) and 
was identified with material made from the authentic 
base (Brown and Lee, 1970). 
Similar reactions gave 5-p-fluorophenyl-1,2-dihydro-
1-methyl-2-oxopyrimidine hydriodide, m.p. 263° (from 
isopropanol) (Found: C, 39 . 95; H, 3 .1 ; N, 8 . 6 . 
c11 H10 FrN 2o requires C, 39.8; H, 3.0; N, 8 . 4%) and 
its 5-p-dimethylaminophenyl-analogue, m. p. 215-217° 
16 
(from methanol containing a trace of sodium thiosulphate) 
(Found: C, 44.3; H, 4 . 4; N, 11.9 . 
C, 44 7; H, 4 . 5; N, 11 . 8%), identified as above . 
4-Amino-4 '-ni robiphenyl .- This was made by nitration 
(Bell and Kenyon, 1967) of 4-benzylideneaminob iphenyl. 
After purification (Sherwood and Calvin, 1942) and 
ecrystallisation from methanol, the product (27%) had 
m.p. 204° (Sherwood and Calvin, 1942; 203.5-204°). 
3-Phenylace ylacetone.- Boron trifluoride etherate 
(B.DoH.; 56.4 g) was added with stirring to a mixture 
of benzyl methyl ketone (26.8 g), acetic anhydride 
(40 . 8 g), and toluene-t-sulphonic acid (4.4 g), precooled 
to below 10°. After being stirred at 25° for 30 min 
the mixture was heated under reflux (120° bath) for 2 h 
and allowed to s and for 12 h. Recrystall · sation of 
the precipitate from light petroleum followed by 
sublimation (120°/0.3 mmHg) gave 3-phenylacetylacetone 
borofluo ide (90%), m.p. 163° (Found: C, 59 . 4; H, 5.2; 
F, 16 . 4 . 
F, 16.9%) . The crude complex (35 g), sodium acetate 
(110 g) and water (250 ml) were boiled under reflux 
for 2 h . The cooled mixture was extracted with l · gh t 
petroleum (b . p. 40-60°; 3x100 ml) . The extract was 
washed with saturated aqueous sodium hyd ogen carbonate 
and evaporated to give 3-phenylacetylacetone (84%), 
m. p . 58-60° (lit . Hauser and Manyik, 1953; 58.5-59 . 5°) . 
4,6-o·methyl-2-methylthio-5-phenylpyrimidine .-
2-Mercap o-4,6-dimethyl-5-phenylpyrimidine hydrochloride 
(5.0 g; prepared (Hauser and Manyik, 1953) from 
3-phenylacetylacetone) was dissolved in N-sodium 
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hydroxide (70 ml). The solution was shaken successively 
with methyl iodide (2x5 ml) for 30 min at 25°. 
Extraction with chloroform and evaporation gave the 
methylthiopy imidine (93%), m.p . 69° (from ethanol) 
(Found: C, 67.6; H, 6.1; N, 12.0. c13 H14 N4S 
requires C, 67.8; H, 6.1; N, 12.2%). 
4,6-Dimethyl-2-methylsulphonyl-5-phenylpyrimid ine.-
The methylthiopyrimidine (4.6 g) in chloroform (20 ml) 
was added gradually, to a cooled solution of 
m-chloroperoxybenzoic acid (75%; 8 . 4 g) in chloroform 
(200 ml) . After standing at room temperatu e overnight 
the mix ure was shaken with saturated aqueous sodium 
sulphite, N-sodium carbonate, and then water. 
Evaporation gave the sulphone (89%), m. p . 146° (from 
ethanol) (Found: C, 59 . 2; H, 5 . 5; N, 10 . 8 . 
c13 H14 N2o2s requires C, 59 . 5; H, 5 . 4; N, 10 . 7%) . 
4,6-Dimethyl-2-methylamino-5-phenylpy ri ~idine .-
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(a) The above sulphone (0.7 g) and ethanolic methylamine 
(33%; 5 ml) were heated at 100° in a sealed tube for 2 h o 
The residue from evaporation was recrystallised from 
ethanol and sublimed (110°;0.4 mmHg) to give the 
methylaminopyrimidine (90%), m.p . 133° (Found: 
C, 72 e95; H, 6.8; N, 19.6. c13 H15 N3 requires 
C, 73 2; H, 7 . 1; N, 19 . 7%). 
(b) 1,2-Dihydro-2-imino-1,4,6-trimethyl -5-
phenylpyrimidine hydriodide (0 . 2 g) was wa rmed in 
2~-sodium hydroxide (20 ml) for 4 h . Extraction with 
chloroform and sublimation gave the methylaminopy rimidine 
(84%) identical with that obtained in (a) . 
2-Amino-4,6-dimethyl-5-phenylpyrimid ine.- (a) The 
sulphone (0.5 g), ammonium chloride (0.75 g), and conco 
aqueous ammonia (5 ml) were heated in a sealed tub e at 
120° for 18 h . The reaction mixture was boiled for 
10 min to remove ammonia and cooling gave the 2-amino-
pyrimidine (81 %), m. p . 179° (after recrystallisation 
from ethanol and sublimation at 130° / 0 .2 mmHg; cf. 
Hause r and Manyik, 1953, m. p . 180-181°). 
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(b) 3-Phenylace ylacetone (1 . 0 g) and guanidine 
carbonate (0.9 g) were heated together at 150° for 15 h o 
Extraction with carbon tetrachloride and ecrystallis -
ation of the residue from ethanol gave the same amino 
compound (18%) as in (a). 
1,2-Dihydro-2-imino-1,4,6-trimethyl-5-phenylpyrimidine 
hydr "odide . - 2-Amino-4,6-dimethyl-5-phenylpyrimidine 
(0 . 2 g) was heated at 115° with methyl iodide (2 ml) 
for 2 ho The iminopyrimidine hydriodide (71%) had 
m. p . 225° (from ethanol) (Found: C, 45.4; H, 4 . 75; 
N, 12 . 05 . 
N, 12.3%) . • 
Nitra ion of 2-amino-4,6-dimethyl-5-phenylpyrimidine . -
(a) A solution of the aminopyrimidine (0.3 g) in cone . 
su phuric acid (7 . 0 ml) was cooled to 5-10°. Potassium 
nitra e (0 o4 g) was added with stirring during 20 min 
and after a fu ther 30 min at 25° the solut ion was 
poured on to ice and adjusted to pH 4-5. The resulting 
solid was dried and extracted with boil ·ng methanol 
(15 ml) . The residual 2-amino-4,6-dimethyl-5 -m-
nitrophenylpy "midine (42%) had m. p . 205° (from 60% 
aqueous ethanol) (Found: C, 58.85; H, 4.9; N, 22 075 . 
c12 H12 N4o2 requires C, 59.0. H, 4 . 95; N, 22 . 9%). 
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Evaporation of the methanol extra ct gave a solid, ma inl y 
the £-nitro-isomer (see below) on p . m.r. evidence. 
(b) The aminopyrimidine (0 . 4 g) was added during 20 min 
to polyphosphoric acid (8 g) conta i ning ni ric ac i d 
(sp.gr. 1 . 42; 5 g) at 60° . After a fur he r 3 h the 
mixture was poured on to ice and adjus ed to pH 4 . 
The solid was identified as 2-hydroxy-4,6-d ime thyl-
5-£-nitrophenylpyrimidine, prepared be low . 
(c) Nitric acid-sulphuric acid gave a mi xture of 
amino- and hydroxy-pyrimidines; nitric ac i d-glacial 
acetic acid had no effect; and acetyl nitrate gave 
intractable tars. 
2-Hydroxy-4,6-dimethyl-5-p-nitrophe nylpyrimidine.-
Concentrated sulphuric acid (4.0 ml) was added slowly to 
a solution of 2-hydroxy-4,6-d imethyl-5-phenylpyrimidine 
hydrochloride (Hauser and Manyik, 1953) in n · tric ac i d 
(sp.gr . 1. 5; 4.0 ml) at 0-5° . After a furt her hour 
at 25° the mix ure was poured on to ice and adjusted to 
pH 4 . The dr i ed so li d was soxhlet - e tac ed with 
methanol unt il the rema · ning sol i d was colou less . 
Repeated recrystallisa ion of this so l · d fr om bo i in g 
methanol gave the p-nitrophenylpyr i mid . e (24%), m. p . 286° 
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(Found: C, 59.0; H, 4.7; N, 16 . 9 . 
re q u 1 res C , 5 8 . 8 ; H , 4 . 5 ; N , 17 . 1 % ) . 
2-Ch oro-4,6-d imethyl- 5-p-nitroph eny pyrimidine.- The 
2-hydroxypyrimidine (0.4 g) was hea ted under reflux with 
phosphoryl chloride (12 ml) for 12 h. The residue from 
partial distillation was poured on t o ice, st · rred for 
20 min, and adjusted to pH 4 . The chloropyrimidine 
(91%) had m. p. 278-280° (from ethanol) (Found: C, 54.45; 
H, 3.8; N, 16.0. 
H, 3 . 8; N, 15.9 %) . 
2-Amino-4,6-dimethyl-5-p-nitropheny lpyrimidine.-
10~-Ethanolic ammonia (10 ml) and the above chloro-
pyrimidine (1.0 g) were heated, for 17 hat 150° . The 
resulting aminopyrimidine (>90 %) had m.p. 277° (from 
ethanol) (Found: C, 58 . 8; H, 4.8; N, 22 .7. 
c12 H12 N4o2 requires C, 59 . 0; H, 4.9; N, 22.9%) . 
4,6-Dimethyl-2-methylamino-5-p -nitrophenylpyrimidine . -
(a) Ethanolic methylamine (33%; 3 ml) and he chloro-
pyrimidine (0.3 g) were heated for 17 hat 150°. The 
methylaminopyr · mid · ne (>90%) had m.p . 248° (f om 
propanol) (Found: C, 60.5; H, 5 . 6; N, 21.5 . 
c13 H14N4o2 requires C, 60.45; H, 5 . 5; N, 21.7%) . 
(b) l,2-Dihydro-2-imino-1,4 , 6- t i me hyl-5-p-nit o-
phenylpyrimid i ne hydriodide (0 . 2 g) was warmed at 50° 
in 2~-sodium hydroxide (20 ml) fo 4 h . Extraction 
with chlorofo m and sublimation gave the me t hylamino-
pyrimidine (78%) identical with that above. 
1,2-Dihydro -2 -imino-1,4,6-t · me hyl-5 - p-n itrq_phenyl-
pyrimidine hydriodide.- 2-Amino-4,6-dime hyl-5-~-
nitrophenylpyrimidine (0.5 g) was hea ted with methyl 
iodide (5 ml ) at 115 o for 2 h . The iminopyrimidine 
hydriodide (84%) had mp . 246° (from methanol) (F ound : 
C' 40 . 2; H ' 3. 6 ; N ' 14.8 . C13H15IN402 requires 
C ' 40 . 4; H ' 3 . 9 ; N ' 14.5%) . 
2-Amino-5-p-aminophenyl-4,6-d imethylpyrimid"ne.-
The 2-amino-4,6-dimethyl-5-£-n itrophe ylpy i rnid in e 
(0 .3 g) and Raney n·ckel catalyst (2 o0 g wet) we r e 
shaken in me hanol (180 ml) under hydrogen at 25° . The 
catalyst was removed and the filt ate evaporated to 
dryness. The residual 2-amino-5-p - am ·n ophenyl-4,6-
dimethylpyrim idi e was reprec·p·tated f om warm dilute 
hydrochlo ic acid by aqueous ammon · a and re rystall · sed 
from water. Yie d 38 %, m. p . 214° (Found : C, 6705; 
H, 6.7; N, 2.60 . c12 H14N4 requi es C, 67 . 3; 
H, 6.6; N, 26.15 %) . 
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5-p - Ami nophe nyl- 4,6 - di me hy -2-me hylaminop~rimidine.-
(a) 4,6-Dimethyl-2-me hylamino-5 - nitropy ri mi dine was 
hydrogenated as its homologue above . The p-aminophenyl-
pyrimidine (83%) had m. p . 107° (f om e hanol) (Foun d: 
C, 68.6; H, 7.0; N, 24.1. 
C, 68.4; H, 7.1; N, 24 . 5%). 
(b) 5-£-Aminophenyl -1 ,2-dihyd ro-2-imino-1,4,6-
trimethylpyrimidine hydr iodi de (0.2 g) was wa rm ed in 
2~-sodium hyd oxide (20 ml) fo r 4 h o Extracti on with 
chloroform and sublimation gave the methylam in o com pound 
(81%) identical to that i n (a) . 
5-p-Ami nophenyl-1,2 - dihydro-2 -imino-1,4,6-t i methy l-
pyrimidine hyd iodide . - 1,2-Dihydro-2 -imin o-1,4, 6-
trimethyl-5-£-nitrophenylpyrimidine (4 .0 g ) was refluxed 
for 7 h in ethanol (300 ml) with iron powde r (20 g), 
ferrous sulpha te (0.1 g), and hydriodic ac·d (5 drops) . 
Evaporation of the filtrate gave the aminophe y limino-
pyrimidine hydr "od i de (73 %), m.p. 236° (from is obu anal 
containing a trace of hydriodic ac'd) (Found: C, 44 o0; 
H, 4 . 9; N, 15.5. 
H, 4.8; N, 15.7 %). 
c13H17 rN 4 requi es C, 43.8; 
Less satis facto y results wee 
obtained by hydrogenation over nickel (48%), and 
palladium-charcoal (18%) or by reduc ion wi h z · nc powder 
(31 %) . 
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N-Methylat · on of 2-amino-5-p-am inophe yl-4 6-
dimethylpyrimidi e.- The aminopyrimid ine (0.3 g) was 
heated, with methyl iodide (3 ml) at 115° for 2 h . 
Chloroform extraction of the crude solid gave 2-amino-
5-p-dimethylaminophenyl-4,6-dime thylpyrimidine (39%), 
m.p. 268-269° (from ethanol) (Found: C, 69.35; H, 7 . 6; 
N, 23.1. c14 H18N4 requires C, 69 . 4; H, 7.5; 
N, 23.1 %). The residual solid was recrystallised from 
ethanol to give 5-£-aminophenyl-1,2-d ihydro-2-imino-
1,4,6-trimethylpyrimidine dihyd riodide ethanolate (17%), 
m.p. 187-189°, confirmed in structure by rearrangement 
and spectra (Found: C, 33.4; H, 4 . 5; N, 10.6. 
I, 48.0. c15 H24 I 2N40 requires C, 34.0; H, 4.5; 
N, 10.6; I, 48.0 %). 
4,6-Dimethyl-2-p-nitrophenyld iazoaminopyrimidine . -
2-Amino-4,6-d imethylpyrimi dine (10.2 g) was added to a 
solution of £-nitrobenzenediazo nium chloride during 
20 min at room temperature and withs i rin g . After 
1 h the suspens ion was diluted to 250 ml with water . 
The precip it ated diazoam in opyrim idine (87%) had m. p . 194° 
(from 60 % aqueous ethanol) (Found: C, 53.3; H, 4 . 5; 
N, 30.5. 
N, 30.9 %) . 
4-Chloro-1,2 - dihydro-2-imino -l,6-dimethylpyrimidine 
hydriodide.- 2-Amino-4-chloro-6-methy lpyrimidine (2.5 g) 
was heated at 125° for 3 h with methyl iodide (2 . 0 ml) . 
The iminopyrimidine hydriodide (72%) had m.p . 257° 
(from ethanol) (Found: C, 25.2; H, 3 . 0; N, 14 . 55. 
C6H9ClIN 3 requires C, 25 .2 ; H, 3 . 2; N, 14.7%) . 
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1,2-Dihydro-2-imino-1,6-dimethylpyrimid ine hydriodjde.-
The above imine hydriodide (0.2 g) and methanol (100 ml) 
were shaken with palladium-charcoal (0.2 g) under 
hydrogen. Removal of catalyst and solvent gave 
1,2-dihydro-2-imino-1,6-dimethylpyrimidine hydriodide 
(23%), m.p . 220° (from propanol) (Found: C, 28.7; 
H, 4.2. C6H10 IN 3 requires C, 28 . 7; H, 4 . 1%) . 
4-Methyl-2-methylaminopyrimid ine.-(a) 1,2-Dihydro-
2-imino-1,6-dime thylpyrimidine hydriodide (0 . 05 g) was 
warmed at 40° with 2~-sodium hydroxide (5 ml) . 
Extraction with chl oroform and sublima · on (50°/0 . 2 mmHg) 
gave the methylamino compound (82 %) identical with 
authentic material (Brown and Paddon-Row, 1967b) . 
(b) 2-Amino-4-me hylpyrimidine (0.6 g) (from its 
6-chloro derivative by z·nc-dehalogenation), 2~-sodium 
hydroxide (10 ml) and methyl i od ide (5 ml) were warmed 
at 60° for 16 h. Extraction with chloroform and 
sublimation gave the methylamino compound (62%), 
identified by mi ed m.p. and spectra o 
2-Amino-5-chlo ro py imidine.- 2-Bromo-1,1,3,3-tetra-
methoxypropane (Bredereck et al., 1962) (7 g) was added 
with stirring to methanolic sodium methoxide (from 0 .8 g 
sodium) . After boiling under reflu for 3 h the 
mixture was cooled and poured into water (150 ml) . 
Ether extraction and distillat i on ga ve 1,1,2,3,3-penta-
methoxypropane (90 %), b.p . 114-118° /12mmHg (lit o Klimko 
~ tl· , 1957, 65-66°/2mmHg; y i eld 40%) . This inter-
mediate (2.0 g), guanidine hydrochlo ride or carbonate 
(2.0 g), ethanol (30 ml), and cone . hydrochloric acid 
(2 ml) were heated under reflux for 12 h. Evaporation 
and sublimation gave 2-amino-5-chlo ropyrimidine (60%), 
identified with authen~ic material (Yanagita, 1952) by 
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mixed m.p. (232-234°) and spectra o No eaction occurred 
in the ibsence of acid, nor with urea, thiourea, or 
~-methylthiourea. 
1,2-Dihydro-2- imin o-5-metho xy 1-me hy py ·mi dine 
hydriodide .- Crude 2-am·no-5-methoxypyr "mi dine [ca 0.2 g; 
obtained by catalyt i c dehalogena t · on of the co responding 
4-chloro derivative (Budes1nsky et al ., 1961b), prepa red 
from 2-amino-4-hyd roxy-5-methoxypy imidi e (Falco~ al o, 
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1951)], dissolved in metha nol (10 ml), and methyl iodide 
(3 ml) were a ll owed to stand in the dark at 25° for 
3 days. Evaporation gave the iminopyrimidine hydriodide 
(0 . 2 g), m. p. 190° (dee . ) (from ethanol) (Found: 
C, 26.7; H, 3.8; N, 15.9 . c6H10 IN 30 requires 
C, 26 , 9; H, 3.8; N, 15 . 7%). 
4-Chloro-5-methoxy-2-methylsu lphonylpyrimidine.-
4-Chloro-5-methoxy-2-methylthiopy rimi dine (Budesinsky 
~ tl_., 1961a) (3 g), in chloroform (100 ml) was gradually 
added to a solution of m-chloroperoxybenzoic acid 
(75 %; 10 g) in chloroform (500 ml) at 0-10°. After 
standing at 25° for 12 h, the solution was shaken 
successively with saturated aqueous sodium sulphite 
(25 ml), ~-sodium carbonate (250 ml), and water (100 ml) . 
Extraction with chloroform gave 4-chloro-5-methoxy-2-
methylsulphonylpyrimidine (73%), m. p. 148° (from 
ethanol) (Found: C, 32.3; H, 3.3; N, 12.4. 
C6H7ClN 2o3s requires C, 32.4; H, 3.2; N, 12.6%). 
5-Metho xy-2-me thylaminopyrimidine.-(a) The above 
chloro compou nd (1.0 g) was hyd ogenated over palladium-
charcoal (0 . 5 g) in methanol (100 ml). Evapora ion and 
recrystallisation gave_ 5-methoxy-2-methylsulphonyl-
pyrimidine (76 %) identified with authentic material 
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( B u des i n s k y e t a l . , 1 9 6 4 ) by m i x e d m . p . ( 1 l 9 o ) ( F o u n d : 
C, 38 . 5; H, 4 . 2; N, 14 . 8 . Cal e. for C6H8N2o3s 
C, 38.3; H, 4 . 3; N, 14 . 9%). This material (0 5 g) 
was heated at 90° for 2 h with ethano lic methylamine 
(33%; 5 ml . Evaporation and subl imat i on (4 0° / 0 . 2 mmHg) 
gave the methylaminopyrimid in e (90 %), m.p. 96° (F ound : 
C, 51.7; H, 6.7; N, 30 . 1. 
C, 51 . 8; H, 6.5; N, 30 . 2%) . 
(b) 1,2-Dihydro-2-imino-5-methoxy-1-me thylpyrimidine 
hydriodide was stirred in 2~-sodium hydroxide (10 parts) 
for 2 hat 40-45°. Extraction with chl oroform an d 
sublimation gave the same methylam ino compound . 
Ammonia with 5 o · methylaminophenyl -2- methoxypy ri midine .-
The methoxypyrim . dine (Brown and Lee, 1970) (0.2 g) and 
10 % ethanolic ammonia (5 ml) we re hea ed in a sealed tube 
a 195° for 4 day s. After cooling, the solid was 
filtered off and recrystallised from e hanol to give 
3,5-bis-£-dime hylaminophenylpyr i dine (25%), m. p . 236°, 
M+ 317, and A (log s) in e hanol: 253 (3.88), ma x . ~ --
320 (4 . 52) (Found: C, 80.1; H, 7.1; N, 13.4. 
c21 H23 N3 requi es C, 79 . 5; H, 7.3; N, 13.2 %) . The 
initial f i ltrate was evapora t ed t o dry ness o g · ve 
2-amino-5-£-dimethylaminopheny py rim · d ·ne (70%), m.p . 193° 
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(identical to previously prepa red material) . When the 
same reaction was attempted at 180° for 30 h only the 
aminopyrim"dine (40%) could be isolated. Poor 
solubility of the pyridine in aqueous buffers prec uded 
measurement of pK values. 
-a 
Ammonia with 2-Methoxy-5-phenylpy rimid "ne . - Afte 
heating at 195-200° for 4 days, the reaction mixture was 
evaporated to dryness o Two major compo nents of the 
residue were separated by th·n layer chromatography on 
silica-coated plates using 1:1 ether- chloroform as 
solvent . These proved to be 2-amino-5-phenylpyrimidine 
(23%), m. p . 159° (l it. Protopopova ~ tl·, 1959; 161-163°) 
and 3,5-diphenylpyridine (27%), m. p . 135° (l"t . Eliel 
et al., 1953; 136-137°) and \ (log c ) in ethanol: 
- - max . 
247 (4 . 45), 296 (3.72) . Each product was confirmed in 
structure by compa 1son of i s ultraviolet and infra-red 
spectra with those of authentic material [cf 3-phenyl-
pyridine (Gillam~ tl-, 1941) in ethanol: 246 (4 . 23), 
295 (4 . 00)] . 
Ammonia w·th 2-Methoxy-5-p-to y pyr · m·d1ne c- Simila ly 
obtained, the p oducts were 2-amino-5-~- olylpyrimidine 
(22 %), m. p . 196° (identical to previous l y prepared 
material) and 3,5-di-p-tolylpyridine (8%), m, p c 193° 
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(from ethano ) (Found: M 259 al363 ry c19 H17 N requires 
M 259.1361 . [A (log s): 256 (4.47), 306 (3 o62)] . 
max. -
Ammonia with 2-Methoxy-5-p-me hoxyphenylpyrimidine.-
A sim "lar process gave 2-amino -5-~-me thoxyphenylpyr·midine 
(31%), m.p. 181° (identical to pr ev iously prepared 
material) and 3,5-Qj_-p-methoxyphenylpyridine (7%), 
m. p. 229° (from ethanol) (Found: M+ 291.1267. 
c19 H17 No 2 requires M+ 291 .1 259) [Amax. (log s ): 
274 (4 . 41), 320 (3.57)]. 
Methylamine with 5-p-Dimethylaminophe nyl-2-
methoxypyrimidine.- The methoxypyrim i dine ( Brown and Lee, 
1970) (0.3 g) and 20 % ethanolic methylamine (4 m-1) were 
heated at 195° for 30 h. Evapo ration gave 
5-~-dimethylaminophenyl-2-methylaminopy imid i ne (ca 97 %), 
m.p. 196° (ide ntical to previously p epared material) . 
5-Cyano-3-methyl-2-thiourac il . - (a) Ethyl ethoxy-
methylenecyanoacetate (3.4 g) ~-methylthiourea (1 . 8 g), 
and ethanolic sodium ethoxide (from sod · um, 0 . 46 g; 
ethanol, 40 ml) were heated under reflu for 48 h o 
After evaporat i on to half volume and the add " ion of 
water (40 ml), the so ution was acid "f "ed wi h acet · c 
acid. Recrysta llisat· on of the solid f om water gave 
the cyanothiouracil (62%), m.p o 257° (decompo) (Found: 
C, 43.0; H, 3 .1 ; N, 24.9. C6H5N30S requires 
C, 43.1; H, 3.0; N, 25.1%) . As judged by pom . r. 
spectra, the crude product contained almost 10% of the 
ester below . 
(b) When the above reaction was performed under the 
conditions of Whitehead and Traverso (1956) (5 days at 
25°), the crude product contained ca 25% of the 
cyanothiouracil (as judged by p .m.r . spectra) . 
Recrystallisation from ethanol gave pure 4-amino-5-
ethoxycarbonyl-2,3-dihydro-3-methy l-2-thiopyrimidine 
(48%), m. p. 235-237° (de comp.) [(Whitehead and Traverso 
(1956) gave m.p. 238°)]. 
5-Carboxy-3-methyl-2-thiouracil .- The above cyano-
thiouracil (0.4 g) or the above amino-es er (0 . 5 g) 
was boiled in 3~-sodium hydroxide (5 ml) fo r 3 h. 
In each case the solut·on was cooled and adjusted o 
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pH 3 to give the carboxy-2-thiouracil (ca 70%), m.p . 298° 
(decamp.) (from ~-hydrochloric acid) (Found: C,38 . 6; 
H, 3.3; N, 15.2. c6H6N2o3s requires C, 38 07; 
H, 3 .2 5; N, 15.05%). When the amino-ester was treated 
similarly with N-sodium hydroxide, 4-amino - 5- carboxy-
2,3-dihydro-3-methyl-2-thiopyrimid "ne (72 %), m. po 306° 
(from propanol) (Found: C, 38.8; H, 3G85; N, 23 . 0 " 
C6H7N3o2s requires C, 38 . 9; H, 3.8; N, 2207%) 
resulted; be . ling this with 3N-sodium hydroxide gave 
the carboxyth i ouracil above . 
4-Amino-1,2-dihydro-1-methyl -2-thiopy imidineo-
Ethoxymethyleneacetonitrile [(0 . 9 g; prepared by the 
method of Tarsio and Nicholl (1957) from 1,1,3,3-
tetraethoxypropane via isoxazole)], ~-methylthiourea 
(0 . 6 g), and ethanolic sodium ethoxide (from 0 . 2 g 
sodium) were heated under reflux for 10 hand then 
cooled. The solid was filtered off and recrystallised 
from ethanol to give the 1-methyl-2-thiopyrimidine 
(>90 %), m.p. 269° (lit. Chatamra and Jones, 1963; 268°) 
(Found: C, 42.5; H, 4.8; N, 29.6 . Cal co for 
The orient-
ation was confi med by hydrolysis to 1-methylcytos · ne, 
and by desulphur izati on as follows. The 1-methyl-2-
thiopyrimidine (0.6 g), ammonium chloride (0 . 8 g), and 
Raney nickel (ca 2 g) were heated under ref ux in 
ethanol (60 ml) for 10 h. The filtered solut i on was 
evaporated. Asa urated solution of the residue in 
methanol was diluted with acetone (20 volumes) . The 
precipitated ammonium chloride was f · ltered off and the 
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solution again evaporated . After repeating the process 
177 
twice, the residual 1,4-d ihyd ro-4-imino-1-methylpyrimidine 
hydrochloride (30%), m.p. 207° (Found: C, 41.3; H, 5 . 7; 
N, 28 . 9 . 
N 28 9%) t d . t t h k . t p 175° , • o was conver e ,no e nown p1 cra e , m . . 
(lit . Brown and Teitei, 1963; 175°) 0 
1,6-Dihyd r o-l-methyl-2-methylth io-6-thioeyrimidine "-
(a) 3-Methyldithiouracil (1 . 6 g), !!-sodium hydroxide 
(11 . 0 ml), and methyl iodide (1 . 4 g) were shaken at 25° 
for 30 min . 
chloroform . 
The a l kaline mixture was extracted with 
Dehydration and evapo ration of the extract 
gave the methylthio-thioeyr i midine (93%), m.p. 128° 
after sublimation at 120° / 0 . 15 mmHg (Found: C, 41.7; 
H, 4 . 9; S, 37.4. 
H, 4 .7 ; S, 37 . 3%). 
(b) 1,6-Dihydro-l-methyl-2-me thylthio-6-oxopyrimidine 
(Brown~ tl-, 1955) (0.5 g) , phospho rus pen asulphide 
(0 . 9 g), and anhydrous 2-picoline (18 ml) were refluxed 
for 6 h . Some produ ct was filtered off and the filtrate 
was evaporated . Th e residue was tr · turated with a 
little benzene and t hen extracted into boil · ng e hanol . 
Evaporation ad sublimat i on as above gave the methyl hio-
thiopyrimidine (total yield 87%), identified with that 
in (a) by mixed m. p. 
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1-Methyl-2,6-b "smethylth i opy rimid i nium iodide o- The 
above methyl hi o-thiopyrim i dine (0 o9 g) and methyl i od i de 
(21 ml) were st irred at 25° for 7 h o Evapo rat i on ga ve 
the pyrimid "n ium iodide (>90 %), mop . 157° (from ethanol) 
(Found: C, 26.7; H, 3 . 1; N, Bol o c7H11 IN 2s2 
requires C, 26.8; H, 3 . 5; N, 8 . 9%) . 
1,6-Dihydro-6-imino-1-methyl-2-methyl thiopyrimidine . -
The above pyrimid in "um iodide (0 . 75 g) and 13 % ethanol i c 
ammonia (18 ml) were stirred a t 25° for 1. 5 h . 
Evaporation gave the imine hyd ri od "de (92 %), m. p . 231° 
(from ethanol) (Found: C, 25 . 6; H, 3. 9; N, 15 . l o 
C6H10 rN 3S requires C, 25 . 5; H, 3 . 6; N, 14 . 8%) . 
Treatment with 2~-sodium hyd r oxi de at 25° (for up to 12 h) 
followed by chloroform e xtr act i on gave the fr ee base 
(90 %), m. p . 57° (after sublimation at 40 - 45°/0 ol mmHg) 
(Found: C, 46.4; H, 5.9; N, 27 . 15 0 C6H9N3S 
requires C, 46.4; H, 5 .8 5; N, 27.1 %) . Si milar 
treatment with alkal i ·at 70° ga ve 3-methylura cil (83 %) , 
identified w·th au t hent ic ma e ria1 (Wh i tehead and 
Traverso, 1956) by mixed m. p. and · . r . spectra . The 
imine had pKa 9 87 ±0 . 03 (anal . A 300 nm) and A (log s ) 
- max . 
of 302 (3.69), 255 (3.80), 239 (4 . 11 at pH 13; 
313 (3 . 84), 300 (3. 97), 243 (3 . 81) a pH 7. 
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1,6-Dihydro-6-imino-1-methylpyrimidine.- The above 
imine hydriodide (0 . 5 g), Raney nickel (ca 1 g, washed 
thoroughly w· h ethanol), and e thanol (20 ml) were boiled 
under reflux fo 30 min . Fresh nickel ( 1 g) was added 
to the filte ed solution and bo iling was con inued for a 
further 30 min. Filtration and evapo ation ga e an oily 
residue which solidified on tr·turation with ethyl acetate _ 
The dihydroiminomethylpyr i midine hydriodide (37%) had 
m.p . 218-220° (from ethanol, 5 pa rts) (Found: C, 25 . 1; 
H, 3.5; N, 17 . 7 . c5H8IN 3 requires C, 25.3; H, 3 4; 
N , 1 7 . 7 % ) [ pf a 1 0 . 0 4 ± 0 . 0 6 ( a n a l y t . \ 3 1 0 n m ) . Am a x , 
(logs) at pH 13: 293 (3.39), 249 (3 . 77) 243 (3 e93); 
at pH 7: 277 (3 . 48), 238 (3.59); against appropriate I 
concentrat · on · n reference cell] ., When poorly washed 
nickel was used, the crude produc t contained little 
imine: sublimation at 70°/0 ~l rnmHg gave 1,6-dihydro-
1-methyl-6-oxopyrimidine, m. p. 125° (li . Brown et~- , 
1955; 125-126°) which was converted in o its p1crate, 
m.p . 173° (lit. Bown~ tl- , 1955; 176°) 
4-Methylaminopyrimidine . - The d "hydro 0 minomethyl-
pyrim"dine hydriodide (0 . 07 g) and 2~-sod1um hydroxide 
(5 ml) were warmed at 60° for 2 h Extraction with 
chloroform and careful removal of the solvent at 25° 
I 
in vacuo gave 4-methylaminopy" i mid ine (ca 90 %), m. p o 
70-71° (1 · t " Winkelmann, 1927; Brow n and Sho rt, 1953 ; 
69-75°), confirmed in ident i ty by mixed m.p ., U n V J 
spectra, and paper chromatography . 
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3-Methyl-4-thiourac · l . - 1,6-Dihyd o-l- me t hy l -2-
methylthio-6-thiopyrimid·ne (0 . 8 g) and 2~- sod i um 
hydroxide (8 ml) were st i rred at 25° f or 10 h o Aft e r 
extraction with chlo r ofo r m (2x40 ml) to r emove a tr ace 
of s arting material, the solut · on was ad j use d t o pH 4 
and re-extracted with chloroform (6x40 ml ). Evapo r a ti on 
of the second group of extracts gave 3- me t hy l -4 -
thiouracil (80 %), m. p. 183-185° (lit . Ueda and Fo , 
1963; 183-184°), confirmed in struc t ur e by its u.v o 
spectra . 
1,2-Dihydro-l-methyl-6-methyl t hi o-2- oxopyri mi din e . -
3-Methyl-4-th i ou r acil (0 . 7 g), ~-sod i um hyd r oxi de 
(5 ml), and me hyl iod · de (0 . 7 g) wee shak e n fo r 1 h . 
Extraction with chloroform, evapora ti on of t he extract, 
and sublimation at 75°/0 . l mmHg gave t he me thylthi~-
oxopyrimid i ne (62 %), m. p . 142° ( Fou nd: N, 8 . 0 ; 
+ M 156.2069. c6H8N2os requ ·res N, 17. 9%; 
M+ 156.2075) . 
l , 2 - D · h y d r o - 1 - me t h y 1 - 6 - me t h y 1 th i o - 2 - t h O o e,~ r 1 m 1 ci 1 n e -
The above me hylthio-oxopy imidine (0 o2 g) phosphoru s 
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pe tasulph1de (0 o35 g), and anhy drous 2-pi coline ( 7 ml) 
were heated unde r eflu x for 1 hand · mmed1ately fil ered 
The r esidue f om evaporat i on of the fil tr ate was 
triturated w· h benzene b The s oli d was boiled wi h 
ethanol (4xl0 ml) ad the solution wa s pa sse d on to an 
alumina column. The ea rl y fractions from e l u ion with 
chlo ofo m ga ve the methylthio- thio py rim i d1 n~ (15%), 
m. p o 125° (afte sublimation a t 120° / 0 01 5 mmHg) (F ound : 
C ' 42 . 1; H ' 4 0 6 ; N ' 16 0 3 0 C6H8N2S2 requires 
C ' 41 . 9; H , 4 . 7 ; N ' 16 . 3%). Late fr ac ions contained 
3-me thy -4-th · oura cil (77%), m. p o 185-187° (from 
ethanol) (£f.. Ueda and Fox, 1963; 183 -184°) Found: 
C ' 4 2 . 1; H ' 4. 4; N ' 19 . 5 0 Ca le. for c5H6N20S: 
C ' 42 . 25; H ' 4.3; N ' 19 . 7%) . 
1,6-Dihydro-l-methyl-2-methylth i o-6-oxopy rimidine 
This known compound (Brown et al . , 1955) resulted in 
the present wo r k fr om three reactions; in ea ch case 
it was i dent if" ed by mixed m. p . (122- 23°), 
chromatog aphy , ad · .r. spect um. 
(a) 1- Me hyl -2 6- bis me thylth 0 opyr1m1d1~1um · od1de 
(0 . 1 g) and N-s od iu m hydr oxi de (0 .8 ml) were agitated 
.I 8 2 
a 25° fo r 6 h . E t a t io n wi ·h ch 'lo,·o fo,.m. e aporat1on 
of he e x r a ., and re crys t a11i a ion from water gave the 
me t hylthio-oxopy ri mi d 0 ne (80 %) . A by-product was 
obta · ned by ad j usting the aqu eous react · on rn1xture to 
pH 4 and re-ext act ng with chl oro f or m. Eva poration 
ad sub l· mat i on of the es i due a 120°/002 mmHg gave 
3-methy u aci l (1 1%), m. p . 17 4° unde pressed oo admix ure 
w· th au he nt ic ma t e r ial (Wh itehead and 1· a 'e so, 1956) . 
(b) 1,6-o · hyd o- 1-methyl-2 -m e thyl hio 6-th "opyrimid1ne 
(0 . 2 g) or 3- me hy l d . hioura cil (0 . 2 g ) was stirred in 
2 !i- sod · um hyd r o i de w i th met hy 1 i o di d e ( 2 m 1 ) for 1 0 h 
a r oom t emperatu r e. Ext r acti on with chloroform gave 
he same produ c as 1n (a), y i e l d 73 and 80% 
es pec i ve ly . 
2-Amino-1,6-d i hyd o-1-me t hy l- 6 hioeyf1m1dine.-
l,6-D i hydro-l - me hy l -2-methy l hio- 6-th"opyr m1dine 
(0 . 1 g) and 13% e hano lic amm onia (1 0 m) were heated 
i n a sea l ed ub e a 100° f or 8 h . E~aporation · eft 
he ami opy r mi dine (86 %) , m.p . 232° undepre 5ed oo 
adm ' x u e w h au ·hen ic mater a (Brown arid Te te1, 
1965b) . 
3-Methylisocytosine.- l,6-Dihydro-1-methyl-2-
m e t h y l th i o - 6 - o x o p y r i m i d i n e ( B own ~ ~.!__ . 1 9 5 5 b ) {_ 1 , 0 g ) 
and 15N-ammonia (50 ml) were heated in a sealed tube at 
es> 
100° for 4 h. Evaporation gave 3-methylisocytos1ne 
(92%), identified (Brown and Jacobsen, 1962) by mixed 
m. p. ( 257°) and i. r. spectra . The same product (68%) 
was obtained by simila treatment (for 12 h) of 
3-methyldithiouracil. 
1,6-Dihydro-1-me hyl-6-methylimino-2-meth~1thio-
pyrimidine .- To 1-methyl-2,6-bismethylth ·o pyrimid inium 
iodide (0.1 g) in ethane (10 ml) at o0 was added 33% 
ethanolic methy1amine (0 . 3 ml) . Afte . stirring for 
2 min, he solut·on was evaporated in vacuo to give the 
me .hy iminopyrimidine hydriodide (95%), m.p 198° (from 
ethanol) (Found: C, 28 . 3; H, 4.0; N, 14.1 . 
c7H12 rN 3S requires C, 28.3; H 4.1; N, 14.1%) 
[pKa 10.30±0 . 04 (ana1yt. 11. 310 nm) and A (log ~-) 
- max. 
a pH 7.0: 310 (4.05), 221 (4.39): a pH 13.5: 
321 (3 . 69), 229 (4.35)]. 
1,2(1,6)-D"hydro-1-methyl-6(2)-me hy amino-
183 
2(6)-me hylim ·n opyr i midine .- 1-Methy -2 6-bismethylthio-
pyrimidin · um iodide (0.1 g) and 33% ethanolic methylam ne 
(10 ml) were warmed a 60° fo l h . Evapo ctl1on gave 
the methylamino-methyliminopyrimidine hydriodide (91%), 
m.p. 255° (from ethanol) (Found: C, 29.95; H, 4.5; 
184 
N, 19.8. c7H13 IN 4 requ ires C, 30 .0 ; H, 4 .6 ; N, 20 . 0%) . 
[pK 11.58±0.04 (analyt . A 309 nm) and A (log s) at 
-a max . 
pH 9.5: 310 (4.13), 227 (4.35); at pH 13.5: 311 (3.94), 
227 (4.36)]. 
l,4-Dihydro-l-methyl-2-methylthio-4 -thiopyrimidine.-
1,4-Dihydro-l-methyl-2-methylthio-4 -oxopyrimidine 
(Brown et tl-, 1955b) underwent thiat i on as described 
above for its 1,6-dihydro-6-oxo-isome r to give the 
corresponding thiopyrimidine (71%), m.p. 148° (Found: 
C, 41.9; H, 4.5; N, 16 . 5. 
C, 41.9; H, 4.7; N, 16.3%). 
4-Methylamino-2-methylthiopyrimidine.- 2- Mercapto-
4-methylaminopyrimidine (Russell et al., 1949) (2.8 g), 
!i_-sodium hydroxide (22 ml), and methyl iodide (2.8 g) 
were shaken for 1 hat 25°. Extra cti on with chloroform 
and evaporation of the extract gave the methylthio-
2yrimidine (94 %), m.p. 76-78° (from 95 % ethanol) 
(Found: C, 46.6; H, 5.8; N, 26 .9. 
requires C, 46.4; H, 5 . 85; N, 27 . 1%). 
l,4-Dihydro-l-methyl-4-me thylimino-2 - methylthio-
pyrimidine.- 4-Methylam ino-2-methylthiopyr i midine 
(0.5 g) and methyl iodide (10 ml) were stir r ed fo r 
2.5 hat 25°. Evaporation and recrystallisation 
of the residue from ethanol gave the methylimine 
hydriodide (>90 %), m.p. 184° (Found: C, 28.6; 
H, 4.1; N, 14.3. 
H, 4.1; N, 14.1%). 
185 
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VII 
INDEX O COMPOUNDS 
New compoun ds and salts of known compounds are g1ven 
in i alics; known co mpounds for which a new or improved 
method of pre pa r ation has been developed are given in 
Roman ty pe. 
Page 
2 amino-5-p-aminophenyl -4,6-dimethylpyrimidine 166 
2-amino-5-p-aminophenylpyrimidine 150 
2-amino-5-p-bromophenylp yrimidine 153 
4-amino-5-carboxy-2 ~3-dihydro-3 -me thyl-
2-thiopyrimidine 
2-am,no-4- hlo o-5-methoxypyrimidine 
2-amino-5-p-chlorophenylpyrimidine 
2-amino-5-chl oropyrimidine 
2-am·no-1,6-dihydro-1-methyl-6 -thi opy rimidine 
4-amino-1,2-dihyd o-1-methyl-2-thiopyrimidine 
2-amino-5-p-dimethylaminophenyl-
4,6-dimethylpyrimidine 
2-amino-5-p-dimethylaminophenylpyrimidine 
175 
70 
153 
170 
182 
176 
168 
157, 172 
5-p-aminophenyl-4,6-dimethyl-2-methylaminopyrimidine 67 
2-amino-4 ,6-dime thyl-5-m-nitrophenylpyrimidine 163 
2-amino-4,6-dimethyl-5-p-nitrophenylpyrimidine 165 
2-amino-4,6-dimethy -5-phenylpyrimidine 
4-amino-5-ethoxycarbonyl-2,3-dihydro-3-methyl-
2-thiopyrimidine 
2-amino-5-p-fluorophenylpyrimidine 
2-amino-4-hydroxy-5-methoxypyrimidine 
2-amino-5-p-methoxyphenylpyrimidine 
2-am·no-5 methoxypyrimidine 
4-amino-4'-nitrobiphenyl 
2-amino-5-p-nitrophenylpyrimidine 
5-p-aminophenyl-1,2-dihydro-2 -imino-
1-methylpyrimidine hydriodide 
19 6 
162, 163 
175 
153 
170 
155, 174 
170 
160 
148, 149 
151 
5-p-aminophenyl-1,2-dihydro-2-imino-1,4,6-trimethyl-
167, 
pyrimidine hydriodide and dihydriodide 
5-p-aminophenyl-2-methylaminopyrimidine 
2-amino-5-phenylpyrimidine 
2-amino-5-p-tolylpyrimidine 
3,5-bis-p-dimethylaminophenylpyridind 
5-p-bromophenyl-1,2-dihydro-2-imino-
ethanolate 168 
1-methyZpyrimidine hydriodide 
a-p-b omophenyl-a-formylacetonitrile 
2-p-bromophenyl-3-'minopropionaldehyde 
5-p-bromophenyl-2-meraaptopyrimidine 
5-p-bromophenyl-2-methylaminopyrimidine 
5-p-bromophenyl-2-methylsulphonylpyrimidine 
146, 
145, 
150 
173 
173 
172 
154 
151 
151 
151 
153, 154 
152 
197 
5-p-bromophenyl-2-meth ylthiopyrimidine 152 
2-bromo-1,1,3,3- etramethoxypropane 170 
5-carbethoxy-3-methyl-2-thiouracil 175 
5-carboxy-3-methyl-2-thiouraci l 175 
4-~hlor,-1 ,2-dihydro-2-imino-1,6-dimethy lpyrimidine 
hydr~odide 169 
2-chloro-4,6- dimethyl-5-p-nitrophenylpyrimi dine 165 
4-chZoro- 5-methoxy-2-methylsulphonylpyrimidine 171 
4-chloro- 5- methoxy-2-methylthiopyrimidine 171 
5-p-chlorophenyl-1 ,2-dihydro-2-imino-
1-methylpyrimidine hydriodide 
5-p-chlorophenyl - 1,2-dihydro-1-methyl-
2-oxopyrimidine hydriodide 
a-p-c hloropheny -a- fo rmylacetonitrile 
2-p-chlorophe nyl-3- iminopropionaldehyde 
5-p-chlorophenyl-2- mercaptopyrimidine 
5-p-chlorophenyl-2-methylaminopyrimidine 
S-p chlo~ophenyl-2-methylsulphonylpyrimidine 
5-p-chlorophenyl-2 -methylthiopyrimidine 
5-cyano-3-methyl-2-thiouracil 
1,2-dihydro-2-imino-1,6-dimethylpyrimidine 
hydriodide 
1 2 dihydro-2-imino-5-methoxy-
1-methylpyrimidine hydriodide 
154 
159 
151 
151 
151 
153, 154 
152 
152 
174 
169 
171 
1,2-dihydro-2-imino-5-p-methoxyphenyl-
1-methylpyrimidine hydriodide 
l,6-dihydro-6-imino-1-methyl-
2-methylthiopyrimidine and hydriodide 
1,2-dihydro-2-imino-1-methyl -
198 
155 
178 
5-p-nitrophenylpyrimidine hydriodide 150 
1,2-dihydro-2-imino-1-methyl-5-phenylpyrimidine 
hydriodide 148 
1,6-dihydro-6-imino-1-methylpyrimidine hydriodide 179 
1,4- dihydro-4 -i mino-1-methylpyrimidine 
hydrochloride and picrate 177 
1,2-dihydro-2-imino-1-methyl-5-p-tolylpyrimidine 
hydriodide 
1,2-dihydro-2-imino-1,4,6-trimethyl-
6-p-nitrophenylpyrimidine hydriodide 
1,2-dihydro-2-imino-1 ,4,6-trimethyl-
5 phenylpyrimidine hydriodide 
1 2(1,6)-dihydro-1-methyl-6(2)-methylamino-
2(6)-methyliminopyrimidine hydriodide 
1,4-dihydro-1 -methyl-4-methylimino-
2-methylthiopyrimidine hydriodide 
1,6-dihydro-1-methyl- 6-methylimino-
145 
166 
163 
183 
185 
2-methylthiopyrimidine hydriodide 183 
1,2-dihyd~o-1-methyl-6-methylthio-2-oxopyrimidine 180 
[ I 
l,6-d"hyd r o-l-methyl-2- met hylth io-6-oxopyrim1dine 182 
1,2-dihydro-1-methyZ-6-methylthio-2-thiopyrimidine 181 
1,4-dihydro-1-methyl- 2-methy lthio-4-thiopyrimidine 184 
1, 6-dih ydro - 1-methy Z- 2-me thyl t hio- 6-thiopyPimidine 177 
1 2- di hyd r o- 1- methyl-5-p-nitrophen y l - 2-o xopyr i midine 
mono-iodide and tri -iodide 
1, 6- dihy dr o- l - me hy l - 6-oxopyrimid in e 
3,5-di- p-methoxyphenylpyridi ne 
p-dimethy Zamino phenylaaetamide 
p- di me t hylami nophenylacetonitrile 
b-p-dimethy ZaminophenyZ-1,2-di hydro-2-imino-
1-methy lp yrimidine hydriodide 
5-p- dimethylaminophenyl - 1,2-dihydro - l -methyl-
159 
179 
174 
157 
156 
158 
2- oxopy imid in e hydriodi de 160 
2-p- dimethylami nophenyl-3-iminopropi onaldehyde 157 
5-p dimethylaminophen yl-2- meraap topyrimidine 157 
5-p-dimethyZaminopheny Z-2-methyZaminopyrimidine 158, 176 
5-p-dimethyZaminophenyZ - 2-meth y lsulphonyZpyrimid~ne 157 
5-p-dimethylaminophenyZ - 2- methylthiopyrimidine 157 
4,6-dimethyl-2-methylamino -5-p-nitrophenylpyrimidine 165, 
166 
4,6-dimethyZ-2-methylamino - 5-phenylpyrimidine 162 
4,6-dimethyl-2-methyZsuZphon y Z-5-phenylpyrimidine 161 
4 6-dimethyZ-2-methylthio-5 - phenyZpyrimid~ne 161 
4,6-dimethyZ-2-p-nitrophenyZdiazoaminopyrimidine 168 
I 
l 
3,5--dipheny· pyrid1ne 
di 5-phenylpyr~din-2-yl disuZph~dg 
3~5-di-p-t Zylpyridine 
5-p-fluor phenyl-1,2-dihydro-2-imino-
1-methylpyrimidine hydriodide 
5-p-f uoropheny -1,2-dihydro-1-methyl-
2-o ·opyrimidine hydriodide 
a-p-fluorophenyl-a-fo mylacetonitri e 
2-p-fluorophenyl-3-iminopropionaldehyde 
5-p-fluoPcphenyZ-2-meraaptopyrimidine 
5-p-flu~rophenyl-2-methylaminopyrimidine 
5-p fluorophenyl-2-methylsulphonylpyrimidin e 
5-p-fluJrophenyl-2-methylthiopyrimidine 
~-fo mylbenzylcyanide 
a-formyl-a-p-to y acetonitrile 
2-hydroxy-4,6-dimethyl-5-p-nitrophenylpyrimidine 
3-imino-2-phenylp opiona dehyde 
3-im·no-2-p- olylpropiona dehyde 
2-mePaapto-5-p-methoxyphenylpyrimidine 
2-mercapto-5-phenylpyrimidine 
2-mercapto-5-p-tolylpyrimidine 
5 me hoxy-2-methylaminopyrimidine 
5-me hoxy-2-me hylsulphonylpy imidine 
153, 
200 
173 
147 
173 
154 
159 
151 
151 
151 
154 
152 
152 
146 
144 
164 
146 
144 
154 
146 
144 
172 
171 
5-p-meihoxyphenyl-2-methylaminopyrimid~ne 
5-p-methoxyphenyl-2-meth y lsulphonylpyrimidine 
5-p-methoxyphenyZ-2-methyZthiopyrimidine 
4-methylami no-2-me thyZthiop yrimidine 
2-methylamino-5-p-nitrophenylpy rimidine 
2-methylamino-5-phenyZpyrimidine 
2-methyZamino-5 -p- tol yZpyrimidine 
1-methyl-2~6-bi smethyZthiopyrimidini um iodide 
3-methylisocytosine 
201 
155 
155 
154 
184 
149, 150 
147 
146 
178 
183 
3-methyldithiouracil 
4-methyl-2-methylaminopyrimidine 
2-methylsuZphonyZ-5- p-nitropheny Zp yrimidine 
2-methylsu phonyl - 5-phe nylpyrimidine 
2-methyZsuZphonyZ-5-p-tol y Zpy rimidine 
2-methylthio-5-phenylp yrimidi ne 
2-methylthio-5-p-toZylpyrimidine 
3-methyl-4-thiou a c·1 
177, 182, 183 
3-methyluraci 
1,1,2,3,3- pe nt amethoxypropane 
3-phenyl acetylacetone and borofluoride 
p-trimethylammnniophenylaaetonitriZe iodide 
180, 
178, 
169 
149 
147 
145 
146 
145 
181 
182 
170 
160 
156 
